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100 x 15 mm DISPOSABLE — IT COSTS 


STERILE PETRI DISH—Ideal 


for all types of culturing. Unit \ . \ LESS TO USE 

packaging: 20 dishes (with IN \ ee 
covers) per sealed sterile dis- . ’ 

pensing carton. D-3010X 


. . 
6 e e e e 
100 x 20 mm SQUARE DIS- 
POSABLE STERILE PETRI ; 
DISH—New and revolutionary. 





A boon to those doing gradient 
work. Takes up no more space 
in the incubator, with a 25% 
increase in surface area and 
tremendous increases in total 
streaking length. Rounded cor- 


ners and legs assure good air A 
circulation during incubation. ‘ 
A specially designed interlock 


prevents slipping and ees 
when stacked. Unit packaging: 
20 dishes (with covers) per (Just 6 of 10 styles shown) 
sealed sterile carton. D-3015X 

* e & e e 


100 x 15 mm_ BI-PLATE— J STERILE — READY TO USE 


DISPOSABLE STERILE PETRI 
DISH—Divided into two sec- 


tions by a thin wall, making it [A 2g! soe / ELIMINATE COST OF CLEANING AND 
possible to pour two separate al: \ 

a5, Sas one HANDLING 
of growth of an organism on “s 
pa : A / SAVE 2¢ to 3¢ PER DISH OVER GLASS 
packaging: 20 dishes (with Bier. 

covers) per sealed sterile dis- 
pensing carton. D-3287X 


Yes, it’s actually less expensive to use “‘Falcon’”’ dis- 
~ 9% ee posable petri dishes than to clean and re-use glass 


100 x 15 mm TRI-PLATE— ones. Besides, they are so convenient to use 
DISPOSABLE STERILE PETRI q H imi 
DISH—A single dish for dif- . and they speed up laboratory techniques by elimi- 
ferential diagnostic work. Thin \ : . 

partitions permit 8 separate nating glass dish hazards. All are made of clear poly- 
agar beds in one plate. Each i . . H 

segment holds approximately 8 styrene plastic which weighs one tenth that of glass 
ml. Ideal for studying growth i i i 
characteristics on different ees and all may be disposed of by autoclaving or in- 
media. Saves media and storage 


space in the incubator, Unit : cinerating. Guaranteed sterile and biologically inert. 
packaging: 20 dishes (with ’ z 

covers) per sealed sterile dis- 
pensing carton. D-3287-2X 


eee @ PLEASE SPECIFY CATALOG NUMBER, SIZE, PIECES PER CASE, 
: AND NUMBER OF CASES 
100 x 15 mm GRID COUNT- 


ING PLATE — DISPOSABLE 
STERILE PETRI DISH — 


Standard 100 mm dish with 1 





100 pieces 500 pieces 
per case per case 














em square grid printed on the ’ ety | Catalog Size per per 
+ottom. Ideal for count plates. : Number Type (mm) case case 
Any light source may be used. | 

Simplified procedures and saves 1. D-3010X Standard 100 x 15 9.95 44.00 
time and work. Lines are clear 4 : 7.05 32.75 
and sharply defined. Unit pack- p { D-3010X Standard 60 x 20 ; : 
aging: 20 dishes (with covers) D-3010X Standard 100 x 20 11.18 49.45 
per sealed sterile dispensing . 


carton. D+3030X pe: D-3010X Standard 150 x 25 33.74 








% 11.04 48.40 
6 6 -@:neree B-7012X Box 50x11 


100 x 15 mm_ RADIAL . D-3015X Square 100 x 20 14.33 63.75 
COUNTING PLATE — DISPOS- 
































oa SS as et Pcs a . D-3287X Bi-Plate 100 x15 10.73 47.50 
—Standar mm dish with ‘Ces. - 

a radial pattern printed on the : . D-3287-2X Tri-Plate 100 x 15 11.28 30.00 
bottom dividing the plate into / : . D-3030X Grid 100 x15 14.94 66.05 
10 equal areas. Two segments / : : 

in the best counting area are / - D-3030-2X Radial 100 x 15 14.94 66.05 





again divided into 5 equal sec- 
tions; each section being 1/50 ] 
of the total area of the plate. 7 
Counting may be Prana gae 4 , LARGER QUANTITIES AT SPECIAL DISCOUNTS 
any light source. Saves time ~ - p 

and work. Unit packaging: 20 
dishes (with covers) per sealed 


sterile carton. D-3030-2X Write for Detailed Information 
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Here’s the latest 
on Lithium 


METAL DISPERSIONS 


Got a catalyst problem? 





Interest sparked by the discovery that 
lithium metal dispersions make unique 
polymerization catalysts (the poly- 
merization of isoprene to a “natural’’ 
rubber) indicates a heretofore unex- 
ploited instrument of research. 


Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo, } 


Consequently, Lithium Corporation New York. Polaroid® Land Camera by Polaroid Corporation, Cambridge, Massachusetts, 


is now making available experimental 


quantities of dispersions of this highly reactive 


metal. These dispersions may be purchased in. 


either mineral oil or a mineral oil-petrolatum 


of the lithium metal particles have a diameter 
less than 25 microns. 
Specifications, information for preparing 





combination as the dispersing medium. Dis- 
persions in other media are available as special 
items. The “package” is obtainable in five 
sizes from 25 grams to 1 pound. Over 90% 


the dispersions including handling instruc- 
tions, prices and product data on lithium 
‘metal may be obtained by submitting a re- 
quest on company or institutional stationery. 






LITHIUM CORPORATION 
OF AMERICA, INC. 


2699 RAND TOWER, MINNEAPOLIS 2, MINN. 


PROCESSORS OF LITHIUM METAL « METAL DISPERSIONS 
METAL DERIVATIVES: Amide e Hydride 
SALTS: Bromide e Carbonate « Chloride « Hydroxide « Nitrate 


SPECIAL COMPOUNDS: Aluminate « Borate « Borosilicate « Cobaltite » Manganite 
Molybdate « Silicate « Titanate « Zirconate « Zirconium Silicate 


BRANCH SALES OFFICES: New York e Chicago e Bessemer City, N.C. 
MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, N.C. 
Cat Lake, Manitoba e Amos Area, Quebec 

PLANTS: St. Louis Park, Minnesota « Bessemer City, N. C. 

RESEARCH LABORATORY: St. Louis Park, Minnesota 
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Now...from Tracerlab... 


A S0-CHANNEL SCANNING 
SPECTROMETER SYSTEM 


with automatic 
digital readout 


Complete system for assaying radioactive 
> samples quantitatively on continuous: or 
stepwise basis consists of: 

* Precision high voltage power supply 

¢ Pulse height analyzer 

¢ Linear amplifier 





¢ Preset count and preset time scaler 
* Automatic digital readout 


* Building block design — le for 
easy tie-in with other Tracerlab equipment. 





The accuracy of digital readout, here- 
\ tofore available only in multi-channel 
analyzers, may be obtained from the 
Tracerlab RLP-6 50-Channel Scanning 


Spectrometer System at a cost comparable TRACERLAB -RLP-6 

to the conventional single channel spec- 50-CHANNEL SCANNING SPECTROMETER SYSTEM, 
trometer system with ratemeter-recorder. here shown with optional Ratemeter. 

It can be used with an automatic sample 





changer. 


For complete information, 
write for Tracerlog No, 78. 


if —Tracerlab = 


lo, 1601 Trapelo Road * Waltham 54, Mass. 73 KEV. K X-RAY 
is, | 2030 Wright Avenue * Richmond, California 
| : Offices in principal cities 
throughout the world, 


PULSE HEIGHT ANALYSIS 


Mg. 203 
279 KEV 





PULSE WEIGHT ANALYSIS 


TECHNICAL DATA 


ry al & asi DATA FROM 
: AUTOMATIC READOUT 
TYPEWRITER 


includes 
channel number, 
count, time 

in minutes, 

time of day. 








COMPTON —— COMPTON FROM 
73 KEV X-RAY 279 KEV GAMMA 
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CHANNEL NUMBER 


CHART OF SPECTRUM OBTAINED FROM Hg 203 








shows plot of data from sheet pictured at left 
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VINJHHAOZINIS 
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This series is designed to fill a 
serious gap in the literature of 
a field in which there is rapid 
expansion. Each volume con- 
tains a number of critical up- 
to-date surveys of special 
branches of this subject, so as 
to cover in the course of sev- 
eral years all major develop- 
ments in the field. These vol- 
umes will be of interest not 
only to the specialist but also 


VOLUME 1 
1952 186 pages 
47 illustrations $12.00 
VOLUME 2 
1954 347 pages 
108 illustrations $12.00 


to the chemist, biochemist and 
medical scientist interested in 
lipid chemistry. 

“If this series continues to be 
as good as the first two vol- 
umes, every reader interested 
in lipids will develop the habit 
of looking forward, with some 
excitement and certainly much 
pleasure to the next instal- 
ment.” (Paint, Oil and Colour 


Journal) 


VOLUME 3 
1955 About 450 pages 
Well Illustrated $10.50 
VOLUME 4 


1957 About 312 pages 
In preparation 





ANALYTICAL CONICS 


Edited by Dr. BARRY SPAIN, Ph.D., M.Sc. 


The text begins with the analytical geometry of the straight line, circle and the conics 
in their standard forms. Next there is a discussion of translations and rotations of axes 
and the corresponding invariant theory is applied to the classification of the conic 
given by the general equation of the second degree. The concept of the line at infinity 
is then introduced and the main properties of conics are derived from the general 
equation. The basic ideas about cross-ratio, homographic correspondence and line-co- 
ordinates are treated and the latter applied to the focal properties. The final chapter 
provides a compact account of generalised homogeneous co-ordinates. Further, solu- 
tions of the many examples are discussed in an appendix. 


PERGAMON PRESS 


NEW YORK 


122 East 55th Street, New York 22, N.Y. 


LONDON PARIS 


4—5 Fitzroy Square, London W.1. 


24 Rue des Ecoles, Paris V°. 


: 
PROGRESS IN THE CHEMISTRY OF | 
FATS AND OTHER LIPIDS 


Edited by R. T. HOLMAN, W. O. LUNDBERG and T. MALKIN 
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Agricultural Engineers 


The nation’s professional agricultural engineering organization—the 
American Society of Agricultural Engineers—will celebrate a half-cen- 
tury of growth at its 50th annual meeting at Michigan State University, 
23-26 June. 

During the past decades, the efforts of these “engineers of agriculture” 
have been concerned with the engineering of tractors and other farm power 
equipment, the design of farm structures, the utilization of electric energy 
on farms, soil and water conservation and management, and the primary 
processing of agricultural products for the market. 

The dispersion of agricultural production through millions of small 
units, instead of the intensive concentrations typical of most industries, 
generally obscures the scope and magnitude of the field to which agricul- 
tural engineering is applicable. The value of operating equipment on 
American farms is estimated at about $16 billion. Approximately 5.5 mil- 
lion barns and 20 million other permanent farm structures are worth 
something near $24 billion. The use of electric energy on American farms 
has increased about 1200 percent in the past 20 years, and the total an- 
nual consumption was estimated in 1955 at about 21 x 10° kilowatt hours. 

American agriculture may be divided into three basic “power eras”: 
before 1850, human power; 1850-1920, animal power; after 1920, me- 
chanical and electric power. A direct consequence of this mechanization 
of our agriculture is that less than 13 percent of the population of the 
United States now produces all the agricultural products needed in this 
country (exports offset imports of commodities not grown in the United 
States), as compared with the 85 percent of our people required for agri- 
cultural production 100 years ago. The release of workers from American 
farms, accomplished largely through this mechanization of our agricul- 
ture, has provided manpower for industry, transportation, and other eco- 
nomic activities. This redeployment of manpower has made possible our 
relatively advanced economy and standard of living. Much of this de- 
velopment stems directly from the research and teaching of America’s 
agricultural engineers. 

A total of 45 colleges and universities in the United States and Canada 
offer professional curriculums in agricultural engineering. Of these schools, 
the offerings in agricultural engineering of 25 of them are accredited by 
the Engineers’ Council for Professional Development. Although there are 
around 300 graduates in agricultural engineering each year from these 45 
schools, the present and longer range outlook calls for at least 3 times as 
many in this expanding field. 

The program of the 3-day 50th anniversary meeting of the American 
Society of Agricultural Engineers is built around the theme “Looking to 
the future.” Technical sessions in the four major divisions of the society— 
power and machinery, rural electrification and processing, farm structures, 
and soil and water—will follow this general theme. In addition, general 
sessions will deal with the role of the scientist and engineer in food and 
fiber production in world agriculture, manpower and energy, and the ad- 
vancing front of science—Harotp E. Pincues, Agricultural Research 
Service, U.S. Department of Agriculture, Washington, D.C. 


Bell Laboratories researchers Henry S. McDonald, Dr. Eng. from 
Johns Hopkins, and Max V. Mathews, ScD. from M.LT., examine 
magnetic tape used in new research technique. Voice waves are con- 





verted into sequences of numbers by periodic sampling of amplitudes, 
8000 samples per second. General purpose electronic computers 
act on these numbers as a proposed transmitting device might. 


They send real voices on imaginary journeys 


In their quest for better telephone service, Bell Labora- 
tories researchers must explore many new devices proposed 
for the transmission of speech signals. For example, appa- 
ratus can be made to transmit speech in the form of pulses. 
But researchers must always answer the crucial question: 
how would a voice sent through a proposed device sound 
to the listener? 


In the past it often has been necessary to construct 
costly apparatus to find out. Now the researchers have 
devised a way to make a high-speed electronic computer 
perfectly imitate the behavior of the device, no matter how 
complicated it may be. The answer is obtained without 
building any apparatus at all. 
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BELL TELEPHONE LABORATORIES B) 


World center of communications research and development LI 


The researchers set up a “program” to bé followed by 
the computer. Actual voice waves are converted into a 
sequence of numbers by sampling the waves 8000 times 
per second. Numbers and program are then fed into the 
computer which performs the calculations and “writes out” 
a new sequence of numbers. This new sequence is con- 
verted back into real speech. Listeners hear exactly how 
well the non-existent device could transmit a real voice. 


With this novel technique, new transmission ideas are 
screened in only a fraction of the time formerly required. 
Thus valuable time and scientific manpower are saved in 
Bell Laboratories’ constant search to provide still better 
service for telephone customers. 
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Right Heart Catheterization 


Its Contributions to Physiology and Medicine 


The study of the right heart in man 
has held a continuing place in the re- 
searches of Andre Cournand and my- 
self over the past 25 years, both under 
physiological and pathological condi- 
tions. Measurements made in this exact 
location have provided a key to almost 
ail the integrations that we have at- 
tempted in elucidating the nature of 
cardiopulmonary function. 

In the realm of pathology, pulmonary 
heart disease also occupies a key posi- 
tion, affected as it is by all manner of 
pulmonary, as well as circulatory, dys- 
functions. With many of these we are 
particularly concerned in our research 
studies of the present day. 

” Using these two subjects as a central 
theme, I should like to give a brief ac- 
count of our research from its beginning. 


Background in Physiology 


The origins of any systematic research 
are many, extending widely, as well as 
far back in time. Many also are the sup- 
porting and sustaining research activities 
which are in progress simultaneously. 
We find ourselves deeply indebted to 
our colleagues throughout the world for 
such assistance over many years. We 
wish to acknowledge also the institutions 
which have given us financial support, 
especially the Commonwealth Fund, the 
Life Insurance Medical Research Fund, 
and the United States Public Health 
Service. 

The foundation upon which the re- 
search of Cournand and myself chiefly 
rests is the work of Lawrence J. Hender- 
son of Harvard University. Biochemist, 
physiologist, natural philosopher, student 
of Arrhenius, ardent disciple of Claude 
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Dickinson W. Richards 


Bernard, Henderson achieved as his great 
single contribution the definitive inte- 
gration of the respiratory function of the 
blood (1). But his horizon was far wider 
than this. He was a general physiologist 
in the broadest sense. For him the phys- 
ical chemistry of the blood was but a 
single link in the whole circulorespira- 
tory synthesis. Such breadth of view was 
inherent in everything he thought or did, 
and this could not help but be reflected, 
in some degree, in those whose good for- 
tune it was to be associated with him. 
It was from Henderson that we derived 
the simple but essential concept that 
lungs, heart, and circulation should be 
thought of as one single apparatus for 
the transfer of respiratory gases between 
the outside atmosphere arid the working 
tissues. 

This concept was, of course, not new; 
it was in fact in the great tradition of 
Krogh, of Lindhard (2), of Liljestrand 
(3, 4) and their collaborators, who with 
the methods then available, worked out 
to a remarkable extent in man the per- 
formance of the normal cardiorespira- 
tory apparatus, in rest and exercise. 
Liljestrand made also a number of stud- 
ies in disease. In the late 1920’s and 
early 1930’s the active research team at 
the Harvard Fatigue Laboratory under 
Henderson continued this exploration of 
cardiocirculatory patterns (J), to which 
their complete studies of the respiratory 
function of the blood constituted an im- 
portant contribution. 

During all this time, however, and in- 
deed for a total period of nearly 40 years, 
there was in the study of the heart and 
circulation in man one measurement or 
set of measurements which was con- 
spicuously in default—namely, the state 
of the blood as it enters the right heart, 


its respiratory gas contents, its pressure 
relations, and its rate of flow. 

Although the full potentialities of 
these measurements were not then ap- 
preciated, it was well known that an ac- 
curate figure for the respiratory gases in 
the mixed venous blood would, under 
conditions of a physiological steady state, 
permit a reliable measurement of total 
blood flow through the lungs. The prin- 
ciple was the simple one originally stated 
by Fick (5) of dividing the arteriovenous 
difference—the amount of oxygen taken 
up (or carbon dioxide given off) by a 
unit volume of flowing blood—into the 
total amount of this gas taken up (or 
given off) by the lungs per minute. 

Only those who have worked through 
all or a part of those times can appre- 
ciate how ardently this information was 
sought after, and by how many devious 
approaches. The majority of these in- 
volved the use of the lungs as a tonom- 
eter, equilibrating the oxygen or the car- 
bon dioxide of the lungs with that of the 
incoming pulmonary arterial blood. The 
early experiments of Loewy and von 
Schrotter (6), the rebreathing techniques 
of Plesch (7) later of Christiansen, 
Douglas, and Haldane (8), and of Yan- 
dell Henderson (9), were among the 
more important of these. 


Early Investigations 


I give special emphasis to this in the 
present account because it was to this 
long-standing problem that Cournand 
and I applied ourselves when we began 





Dr. Richards is Lambert professor of medicine 
at the College of Physicians and Surgeons, Co- 
lumbia University, New York, and director of the 
First Medical Division of Bellevue Hospital, New 
York. This article is based on the lecture he gave 
when he was awarded the Nobel prize in medicine 
and physiology for 1956, a prize which he shared 
with W. Forssmann and A. Cournand. The three 
Nobel lectures in physiology and medicine for the 
year 1956 were given at the Caroline Institute, 
Stockholm, on 11 Dec. 1956. Dr. Forssmann spoke 
first, describing earlier attempts at cardiac cathe- 
terization, his own successful experiments begin- 
ning in 1929, and the further use of the technique 
immediately thereafter. Dr. Richards followed, and 
in his lecture gave an account of the development 
of the work of Dr. Cournand and himself, over the 
25 years of their collaborative effort. Dr. Cour- 
nand’s lecture, finally, presented specifically one of 
the important ‘aspects of their research—namely, 
the physiology of the pulmonary circulation, dis- 
cussing both the present state of knowledge, and 
certain still unanswered problems. Dr. Richards’ 
lecture is published here with the permission of 
the Nobel Foundation. Dr. Cournand’s lecture will 
appear next week. 
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our work in 1931, in the service of James 
Alexander Miller in Bellevue Hospital. 
There was nothing original in our ap- 
proach. We simply tried, as others had 
done before, to establish gaseous equi- 
librium between lungs and blood by re- 
breathing procedures, and to do this 
especially in patients with chronic pul- 
monary disease. But as others had also 
found before us, diseased lungs would 
not mix air evenly, and after 3 years it 
became apparent that we had failed com- 
pletely in these attempts (/0). 

And yet the failure was not quite com- 
plete. There proved to be some highly 
interesting things about uneven mixing 
in diseased lungs. Robert Darling, work- 
ing with us, extended earlier work in the 
same field by developing a breath-by- 
breath analysis of intrapulmonary mix- 
ing of inspired air, using the simple 
method of washing out intrapulmonary 
nitrogen through inhalation of pure oxy- 
gen (11). This subject has since been 
further studied by many investigators, 
and it now constitutes an important 
branch of pulmonary physiology. In our 
early experiments with Darling, two im- 
mediately practical features were worked 
out: an open-circuit method of measur- 
ing residual lung volume, and in the 
same procedure, a rough but useful in- 
dex of intrapulmonary mixing—namely, 
the nitrogen remaining in the lungs after 
oxygen breathing (12). 

At this time also, with Eleanor Bald- 
win we were developing other practical 
methods of measuring pulmonary func- 
tions, greatly aided here by similar work 
in progress elsewhere, especially in the 
clinic of Knipping and Anthony in Ham- 
burg (13, 14). By the late 1930’s, we 
were able to describe the ventilatory 
functions of the lungs, and, with pul- 
monary measurements supplemented by 
arterial blood studies, in rest and exer- 
cise, to define to some extent the mix- 
ing and the diffusional aspects of pul- 
monary alveolar or alveolar-capillary 
functions (1/5). But we still could not 
measure blood flow through the lungs 
and could not, therefore, move into 
those broader concepts of cardiopulmo- 
nary function which now began to be our 
goal. 


Catheterization of the Right Heart 


We were aware of the earlier experi- 
ment of W. Forssmann (16) and had 
followed closely its isolated uses in Ger- 
many, Portugal, South America, and 
France. Dr. Forssmann has given an ex- 
cellent review of this in his Nobel lec- 
ture. It suffices for me to say that, late 
in 1940, Cournand and Ranges (/7) 
took up the catheterization technique, 
showing in their initial studies that con- 
sistent values for blood gases could be 
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obtained from the right atrium and that, 
with this, cardiac output could be reli- 
ably and fairly accurately determined 
by the Fick principle, and, furthermore, 
that the catheter could be left in place 
for considerable periods without harm. 
Not long after, through the interest of 
Homer Smith and the assistance of 
Bradley, pressure recordings by a Ham- 
ilton manometer were added to the 
other techniques. Blood volumes by 
Gregersen’s method were also included 
(18). 

By this time, therefore, after 10 years 
of work, we had assembled a fairly com- 
prehensive group of methods for the 
analysis of cardiopulmonary function, 
methods which could be applied not 
only to normal men but to patients even 
in the most severe and acute stages of 
decompensation. 


Traumatic Shock 


The stage was now set for study of 
cardiac and pulmonary functions in 
many forms of clinical disease. First to 
be undertaken was an investigation of 
traumatic shock in man (18, 19). The 
United States was by this time at war, 
and further information on the hemo- 
dynamics of shock and quantitative 
measurements of this and of the effects 
of treatment were urgently needed. 
These studies proceeded quite rapidly. 
It was demonstrated: (i) that, with a 
deficit of 40 to 50 percent in blood vol- 
ume, there were critical depressions in 
cardiac output and in return of blood to 
the right heart, worsening as shock con- 
tinued unrelieved: (ii) that peripheral 
resistance tended to be maintained in 
hemorrhage and skeletal trauma and 
greatly increased in severe burns; (iii) 
that an important corollary of this was 
reduced peripheral blood flow, demon- 
strated particularly in the case of the 
kidneys; and (iv) that whole blood of- 
fered great advantages over plasma as 
sustaining therapy. Other forms of treat- 
ment were evaluated. Vasomotor fac- 
tors, problems of so-called “irreversible” 
shock, were approached but not solved. 
In certain cases of severe burn, the 
catheter was left in place for more than 
24 hours to provide a means of intra- 
venous treatment, with no harm result- 
ing—a further indication of the safety 
of the procedure. 

Even during these war years a number 
of basic contributions were made. Dr. 
Cournand (20) will discuss the advanc- 
ing of the catheter, first into the right 
ventricle, and then into the pulmonary 
artery, permitting new measurements to 
be made, some of them as important 
physiologically as the original right atrial 
(21). In the field of clinical heart dis- 
ease, cases of heart failure with high 


cardiac output were identified and dif- 
ferentiated from “low-output” failures 
(22). McMichael and Sharpey-Schafer 
(23) in London had made similar ob- 
servations independently. Baldwin (24) 
studied a case of congenital heart dis- 
ease with interventricular septal defect, 
There were numerous improvements in 
technique. 


Congenital Heart Disease 


With the cessation of hostilities in 
1945, we were free to look more broadly 
at problems of disease. By this time, 
others were at work with the same pro- 
cedures, in various parts of the world. 

The application of cardiac catheteri. 
zation to the diagnosis of congenital 
heart lesions was an obvious one, and a 
number of investigators became inter- 
ested in, and pursued, this inquiry with 
great skill, The early studies of Cour- 
nand, Janet Baldwin, and Himmelstein 
(25) were extended by much additional 
work by Bing (26), Dexter (27) and 
others. It should be noted that the great 
advance represented by the surgery of 
congenital heart disease, under such men 
as Gross (28), Blalock (29), Crafoord 
(30), and Brock (317), was under way 
before cardiac catheterization, and that 
it has moved fundamentally on its own, 


The cardiac catheter has been, however, | 


a primary aid. Sharing with angiocardi- 
ography the ability to define the ana- 
tomical lesions, the catheter also quan- 
titates the volumes and pressures of ab- 
normal flow, thus defining for the sur- 
geon both the nature and extent of the 
disorder. By repeated catheterization, 
the degree to which a normal circulation 
has been restored can be determined 
postoperatively. 


Congestive Heart Failure 


The measurements now available were 
adequate for a more general study of the 
physiology of heart failure; particularly 
since these could be carried out under 
conditions of cardiac decompensation 
and again following recovery. Pressures 
and flow in the pulmonary circulation 
gave an index of performance of the left 
ventricle; the same measurements in the 
right heart and in the great veins, an 
index of performance of the right ven- 
tricle. Many forms and degrees of fail- 
ure were defined, and their responses to 
treatment were measured: limited or 
fixed cardiac output, not responding to 
exercise; left ventricular failure with 
pulmonary hypertension; right ventricu- 
lar failure with systemic venous hyper- 
tension; the congestive state with high 
blood flow, and with low; very low 
cardiac output without congestion; the 
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dynamic effects of cardiac arrhythmias; 
the circulation in constrictive pericar- 
ditis (32, 33). The congestive state as 
such was established as a dominant as- 
pect of heart failure, regardless of the 
level of general or regional blood flow. 

An important contribution, in its 
therapeutic, as well as its physiological, 
implications, was the analysis of the 
action of the digitalis glucosides, by 
Ferrer and Harvey in our laboratory 
(34), also by McMichael and Sharpey- 
Schafer (23), by Bloomfield (35), and 
others. It was established that digitalis 
acts favorably only on overdilated ven- 
iricles, with excessive filling pressures 
and inadequate emptying; that in such 
hearts it acts rapidly to increase the 
energy of contraction, increase stroke 
volume, and promote adequate empty- 
ing, thus relieving the congestive state; 
that it performs with regular, as well as 
irregular, cardiac rhythms. 

This large body of new knowledge of 
the dynamics of the circulation inevit- 
ably brought again under critical review 
the original Starling principle (36)— 
namely, that the energy of ventricular 
contraction is proportional to fiber 
length, that is, to diastolic ventricular 
volume; and that this relation holds up 
to a certain optimal fiber length, beyond 
which myocardial contraction proges- 
sively fails. Alternatively, in clinical 
studies, the more readily measured dia- 
stolic filling pressure has been com- 
monly used, instead of diastolic volume, 
a relationship developed before Starling, 
by Otto Frank. In this general inquiry, 
contrary to the usual sequence, it was 
the ciinical physiologists who stimulated 
the genera! physiologists to further re- 
search (37), and additional work in ani- 

“mals, especially by Hamilton (38), by 
Rushmer (39), and others, has added 
much interesting material. Many ques- 
tions are still in controversy, but there 
would appear to be fairly general agree- 
ment that, in the normal heart under 
stress, the basic Starling relation is over- 
ridden by other influences, such as sym- 
pathetic control of muscle tone, the 
heart in exercise increasing its empty- 
ing, rather than its filling, volume; but 
that in the failing heart the fundamental 
relation between fiber length and energy 
of contraction may again emerge. 


Mitral Stenosis 


One particular form of acquired heart 
disease that has come under intensive 
study in the last 6 years is, of course, 
mitral stenosis. The magnificent achieve- 
ment of cardiac surgeons in the partial 
or complete relief of this mechanical 
block has permitted also the compara- 
tive study of the hemodynamics of the 
circulation before and after this surgical 
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procedure. Many factors are involved 
in the selection of patients for surgery 
(40). By and large, clinical improve- 
ment postoperatively has coincided with 
fall in pulmonary arterial pressures, and 
frequently with increase in resting or 
in exercise cardiac output. The total 
physiological readjustment, however, is 
a complex one, and the interrelations 
between cardiac output, pulmonary and 
systemic pressures, and ventilatory and 
other pulmonary functions have not yet 
been fully worked out. Among many im- 
portant contributors in this field may 
be mentioned Ellis (41), Werk6 (42), 
Dexter, Soulié, Donald, and Lequime. 

The further extensions of the cath- 
eterization technique that are now being 
made, exploring the left atrium, the left 
ventricle, and the systemic aorta, are be- 
yond the scope of this discussion. 


Pulmonary Physiology—Diffusion 


These numerous excursions into car- 
diac physiology, which I have just re- 
viewed, have indeed been a major fea- 
ture of our work, and yet they somewhat 
obscure the fact that Cournand and | 
have from the beginning thought of our- 
selves as primarily pulmonary, rather 
than cardiac, physiologists. I should like 
to outline now, though in the briefest 
possible terms, some of the aspects of 
clinical pulmonary physiology that have 
also been under study in our laboratory 
during the past several years. 

I return for a moment to the work of 
our former colleague, the late Eleanor 
Baldwin, and in doing so wish to pay 
tribute to her for the vital part that she 
played in our whole research. achieve- 
ment. With the group of standard meth- 
ods to which I have referred, she studied 
over a 10-year period a large number 
and variety of cases of chronic pulmonary 
disease. Inclusion of circulatory data 
from cardiac catheterization in many of 
these patients completed the picture of 
cardiorespiratory failure. It was found 
that these cases on analysis fitted well 
into the broad categories of pulmonary 
insufficiency that we had earlier de- 
scribed: the gross ventilatory, with re- 
strictive or obstructive aspects; and the 
alveolar-capillary, with primary disturb- 
afices in respiratory gas exchange. Some 
disorders, such as pulmonary emphy- 
sema, were complex with various com- 
binations of these factors. One definitely 
new physiological group emerged, that 
of the diffusional insufficiency or alveo- 
lar-capillary block, with the major inter- 
ference at the alveolar-capillary inter- 
face (43). 

This type of broad physiological analy- 
sis, with subsequent therapy directed to 
precise and specific aspects of insuffi- 
ciency, has proved to be of great value 


in the clinical management of this large 
category of chronic disease. 

In the past decade there has developed 
a much more exact analysis of intrinsic 
pulmonary function, to which I can refer 
here only briefly and inadequately. It is 
a development, however, which consti- 
tutes one of the most significant advances 
in basic physiology that have been made 
in the various fields to which cardiac 
catheterization has contributed. The gen- 
eral subject is that of diffusion of gases 
across the alveolar-capillary membrane 
and of the ventilation-perfusion rela- 
tionships in the lungs. Two independent 
groups of investigators have been largely 
responsible for this development. At the 
University of Rochester, Rahn and Fenn 
(44) approached the subject initially by 
way of a description of the various pos- 
sible relationships between oxygen up- 
take and carbon dioxide elimination in 
the lungs—the respiratory exchange 
ratio. The other, consisting first of Riley 
and Lilienthal, and later of Riley, Cour- 
nand, Donald, and associates (45), de- 
veloped first a simple formula for the 
determination of mean alveolar oxygen 
tension, then proceeded to study the spe- 
cial properties of the oxygen dissociation 
curves of blood. Using the principle that 
at high oxygenation, equilibrium of oxy- 
gen between air and blood is complete, 
whereas at low oxygenation there is a 
distinct alveolar-capillary oxygen gradi- 
ent, they found it feasible to use high 
and low oxygenations in human subjects 
to measure the diffusion process. Exten- 
sion of the work led to a general defini- 
tion of ventilation-perfusion relation- 
ships, separating effective “alveolar” 
ventilation from ineffective “dead space” 
ventilation, on the one hand, and effec- 
tive “alveolar” perfusion from ineffective 
“venous admixture,” on the other. De- 
velopments in this field, under Riley, 
Comroe and Forster, Rossier, and others, 
cannot be further reviewed here. 


Pulmonary Heart Disease 


The discussion up to this point has 
indeed been an overlong introduction to 
the problem of pulmonary heart disease. 
Yet this information is not irrelevant. 
The heart in chronic pulmonary disease 
is at a crossroads, itself a consequence 
of both pulmonary and cardiocirculatory 
disturbances. 

Pulmonary heart disease—cardiac hy- 
pertrophy and dilatation secondary to 
disease of the lungs, or cor pulmonale— 
was clearly delineated by Laennec nearly 
150 years ago, but it has attracted con- 
siderable attention only within the past 
generation. Its importance and its inci- 
dence are increasing, in large part be- 
cause patients with chronic pulmonary 
disease now live longer, being protected 
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somewhat from infection, and relieved 
and sustained, in some instances for con- 
siderable periods, by symptomatic ther- 
apy. 

At the present time, a very consider- 
able proportion of patients suffering from 
chronic pulmonary disease with progress- 
ing pulmonary insufficiency wiil even- 
tually develop cor pulmonale. In some 
instances, the heart failure becomes 
chronic and continues for years; in others 
it appears only terminally; in still others 
there may be repeated episodes of right 
heart strain and failure, especially dur- 
ing recurring pulmonary infection. These 
clinical patterns are only now beginning 
to be defined, as the cases are followed 
over many years; as yet, a generally ac- 
cepted classification of pulmonary heart 
disease has not been made. In the present 
brief sketch, I shall move rapidly 
through some of the more frequently en- 
countered forms, their natural history 
and physiological components. This de- 
scription is based chiefly on the work of 
Harvey and Ferrer (46) in our labora- 
tory. 

It will be convenient to use as a pro- 
totype chronic diffuse pulmonary emphy- 
sema, concentrating on the features con- 
cerned with the flow of blood through 
the lungs and the action of the right 
heart. 

The principal factors inducing right 
ventricular strain, hypertrophy, and fail- 
ure can be stated very simply: (i) pul- 
monary hypertension, from one cause or 
another; and (ii) secondary influences 
throwing a burden on the right heart, 
such as anoxia, increased blood volume, 
polycythemia, increased cardiac output, 
disordered breathing mechanics, 

The division of pulmonary emphy- 
sema, as originally made by Baldwin 
et al. (43), into four physiological 
groups, is applicable also to a considera- 
tion of cor pulmonale. We assume here 
the most common pathogenic form of 
emphysema, that proceeding from 
chronic bronchitis and bronchial ob- 
struction, moving on to the hyperinflated 
obstructive type of ventilatory insuffi- 
ciency. 

In the first and mildest of these groups, 
the disturbances of pulmonary mechan- 
ics are not associated with arterial 
hypoxia or difficulties with elimination 
of carbon dioxide. In these cases pul- 
monary vascular pressures are within 
normal limits and there is no significant 
right heart strain (2/). 

In the second group, ventilatory func- 
tion is more severely curtailed, often to 
one-fourth or one-fifth of normal, and 
anoxia appears. Work or effort of breath- 
ing is much increased. Carbon dioxide 
elimination is still adequate. It is ex- 
traordinary in some cases how much de- 
struction of pulmonary tissue can exist 
and how little the remaining effective 
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diffusing area is with the lungs still able 
to carry on carbon dioxide exchange. 

Similarly, pulmonary arterial pressures 
can remain normal, at least during rest, 
with a remarkably small proportion of 
available vascular channels. In general, 
pulmonary arterial pressures seem to 
rise roughly in proportion to the degree 
of arterial hypoxia (32). That this is 
due in large part to the constricting effect 
of anoxia on the pulmonary vascular 
apparatus is suggested by the fact that, 
physiologically, this hypertension is 
frequently reversible when the patient's 
compensation has been restored and the 
anoxic state relieved. On the negative 
side, we have found not too clear a cor- 
relation between the degree of pulmo- 
nary hypertension and the extent of 
anatomical pulmonary vascular change, 
either muscular hypertrophy or arterio- 
sclerosis. Clinically, the right heart often 
begins to show objective evidence of hy- 
pertrophy and dilatation when pulmo- 
nary arterial pressures exceed twice nor- 
mal values, 

In the next or third group, anoxia is 
more profound and carbon dioxide reten- 
tion with hypercapnea is added. The 
aeration of the alveolar spaces has en- 
tered its final stage of decompensation, 
and the full state of alveolar hypoven- 
tilation is established. Here the primary 
constricting effects of anoxia send the 
pulmonary arterial pressures to higher 
levels; and secondary effects of both 
anoxia and hypercapnea place their 
added burdens on the heart. 

The extent ot breakdown here, actu- 
ally of reversal of supposedly homeo- 
static mechanisms, is remarkable. Pro- 
found arterial oxygen unsaturation leads 
to marked polycythemia, total blood vol- 
ume increasing by the amount of the 
increased red cell mass. This overfills 
the blood bed, including the heart, and 
this drives the heart, so to speak, to in- 
creased output and eventual failure. The 
pulmonary vascular channels may also 
be congested, with further anoxia result- 
ing. That this is not a favorable homeo- 
stasis, but an unfavorable excess re- 
sponse, can be shown directly by a phle- 
botomy, which often brings immediate 
and striking improvement in all func- 
tions. 

Even more widespread are the sys- 
temic effects of elevated carbon dioxide. 
The rise in alveolar and blood carbon 
dioxide tensions produces at the kidneys, 
as is shown by the work of Pitts (47) 
and of Gilman (48), a retention of bi- 
carbonate, thus further raising blood and 
tissue carbon dioxide levels, though, of 
course, relieving in part the uncompen- 
sated gaseous acidosis. Continued high 
carbon dioxide tension apparently de- 
presses the sensitivity of the respiratory 
center to the carbon dioxide stimulus, 
although recently some question regard- 


ing this effect has arisen. What further 
effects the retained bicarbonate may 
have on electrolyte and water balances 
in the body is not known. 

Most extreme of the forms of physio- 
logical dysfunction in emphysema are 
those rather uncommon cases of severe 
alveolar hypoventilation, sometimes 
called the Ayerza syndrome, in which all 
the afore-mentioned trends are mani- 
fested to maximum degree, and yet 
sometimes with only mild anatomical 
changes in the lungs (43). Functionally, 
however, there is always bronchial ob- 
struction, marked alveolar hypoventila- 
tion (49), and the most severe disturb- 
ances of ventilation and perfusion. Even 
in these cases, the entire circulation can 
often be restored to normal, with nor- 
mal pulmonary arterial pressures and 
cardiac output reduced to normal values, 
by vigorous symptomatic therapy, reliev- 
ing bronchial obstruction, hypoxia, hy- 
percapnea, polycythemia and _hyper- 
volemia, and by active treatment of 
congestive failure. 

There are other forms of pulmonary 
disease in which cor pulmonale is a sig- 
nificant complication. There is a cate- 
gory, for example, in which there has 
been a progressive loss of function or a 
destruction of total pulmonary tissue, 
down to a critical level, to an irreduci- 
ble minimum. Cor pulmonale with fail- 
ure may develop in such cases, usually 
terminally or as a very late stage (50). 
Such cases include those of severe kypho- 
scoliosis, occasionally widespread and 
far advanced pulmonary tuberculosis, 
some cases of bullous emphysema with 
replacement or compressiun of active 
lung tissue. I mentioned in a preceding 
section another newly defined form of 
pulmonary dysfunction, that of diffusion 
insufficiency or alveolar-capillary block. 
Such cases, in the advanced stages with 
continuous hypoxia, commonly have 
right-sided heart failure as a late com- 
plication. Still another important type 
is that of primary pulmonary vascular 
narrowing, represented by multiple pul- 
monary embolization, pulmonary schis- 
tosomiasis, and the somewhat controver- 
sial entity called primary pulmonary 
hypertension. In these the right heart 
strain is directly proportional to pulmo- 
nary hypertension, and the patients go 
eventually into massive right heart fail- 
ure with low and diminishing cardiac 
output (49). 


Conclusions 


I have dealt with this particular sub- 
ject, pulmonary heart disease, in some- 
what greater detail than the rest of my 
account, partly to show the type of func- 
tional analysis that can readily be made 
in clinical cases, but partly also to illus- 
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trate what is perhaps obvious, that such 
analysis is at best superficial, does no 
more at the present time than set forth 
what some of the more fundamental 
problems are. 

It is no part of a survey such as this 
to predict the future, but I should like 
to mention a few of the areas in which 
we believe that further basic research 
might well be concentrated. Dr. Cour- 
nand will touch on an important field— 
namely, the pharmacodynamics of the 
lung, and especially of the pulmonary 
circulation (20). Another that interests 
me greatly would be an effort to bring 
together function and structure, a re- 
examination of pulmonary anatomy by 
pathologists who are aware of functions 
and dysfunctions. May it not be possible 
to obtain, by such collaborative effort, 
more fundamental evidence on patho- 
genesis in such presently obscure and yet 
devastating conditions as pulmonary 
fibrosis in its many forms, the emphy- 
sematous change, bulla formation, the 
many-sided problem of pulmonary vas- 
cular change, the disorders of the bron- 
chial circulation? Fortunately, work is 
already under way on many of these 
problems, by a new and dynamically 
minded generation of pathologists. So 
also with many of the other problems 
that I have touched upon, in renal and 
electrolyte physiology, as related to pul- 
monary disease, in blood formation, the 
physiology of the respiratory center, and 
so on, 

I have endeavored to present in this 
review a brief account of the develop- 
ment of cardiac catheterization in our 


hands and some of the adventures that 
we have had with it. These have carried 
the work into many aspects of cardiopul- 
monary physiology and pathology. Our 
findings have been for the most part pre- 
liminary, revealing new problems more 
often than solving old ones. Of great 
value has been the interest which has 
been aroused and the excellent new work 
that has been stimulated in many labora- 
tories and clinics in many countries. 
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Mechanisms 


of Oxygen Metabolism 


Application of tracer techniques to 
biochemistry has often been followed by 
fresh insight, sometimes at a level of 
generalization. In the study of oxygen 
metabolism, which has been badly prej- 
udiced by the influence of the expression 
“4, Oy,” the use of oxygen-18 as a tracer 
has become broadly feasible only re- 
cently. Formerly, it was difficult to re- 
cover oxygen quantitatively from organic 
compounds in a form suitable for mass 
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spectrometric analysis, but this problem 
was largely solved in 1953 by Doering 
and Dorfman (/). 

Since then, the mechanisms of action 
of a number of enzymes that catalyze re- 
actions of molecular oxygen (“oxidases”) 
have been examined by means of tracer 
oxygen. The purpose of this article (2) 
is to summarize the results which have 
been obtained and to show that molecu- 
lar oxygen is metabolized by three broad 
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classes of enzymes, which I have named 
“oxygen transferases,” “mixed-function 
oxidases,’ and “electron-transfer oxi- 
dases” (3, p. 55C; 4). 


Oxygen Transferases 


By oxygen transferase (5-8) is meant 
an enzyme that catalyzes the consump- 
tion of one molecule of oxygen per mole- 
cule of substrate (9), both atoms of con- 
sumed oxygen appearing in the product 
(Eq. 1; the related system described by 
Eq. 1a is also possible, but it has not 
been observed). 


S+O2= OS (1) 
2S + O. = 20S (la) 


To identify an enzyme as an oxygen 
transferase, it is therefore necessary to 
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determine the amount of oxygen con- 
sumed per molecule of substrate trans- 
formed, the amount of oxygen incor- 
porated into the product, and, by tracer 
experiments, the source of the incorpo- 
rated oxygen. All these tests have been 
carried out, and the required criteria 
have been met by pyrocatechase (6), 
3-hydroxyanthranilic oxidase (8), and 
tryptophan oxidase (8). Some properties 
of these three enzymes are listed in Table 
1 along with those of enzymes which 
have not been completely characterized 
but which are probably oxygen trans- 
ferases. 

With the exception of lipoxidase, in 
which the presence of a prosthetic group 
is still uncertain, all these oxygen trans- 
ferases are metalloproteins which are ac- 
tivated by reducing agents and inhibited 
by metal-binding reagents. When it is 
known that ferrous iron is essential to 
the oxygen-transferring activity, it is 
reasonable to conclude that the enzymes 
act as iron-oxygen complexes, since the 
capacity of related, reduced metallopro- 
teins (for example, hemoglobin, myo- 
globin, chlorocruorin, hemerythrin, and 
hemocyanin) to bind oxygen is well 
since the autoxidation of 
heavy metals such as ferrous iron appears 
to take place through the formation of 
intermediate complexes of iron and oxy- 
gen. In any case, molecular oxygen is 
transferred to substrate without exchange 
with solvent oxygen, so that the forma- 
tion of ternary enzyme-oxygen-substrate 
complexes, followed by rearrangement to 
enzyme and product, appears probable 
(Eqs. 2 to 4). 


known, and 


E+O.= EO: (2) 
EO. + § = EOS (3) 
EOS = E+ OS (4) 


Mixed-Function Oxidases 


I mean by mixed-function oxidase an 
enzyme that catalyzes the consumption 
of one molecule of oxygen per molecule 
of substrate; one atom of this oxygen 
molecule appears in the product, and the 
other undergoes a two-equivalent reduc- 
tion (Eq. 5). 


SH + O.+ 2e = SOH+O~-(H:O) (5) 


To identify an enzyme as a mixed-func- 
tion oxidase, it is necessary (i) to deter- 
mine the amount of oxygen consumed 
per molecule of substrate transformed, 
(ii) to determine the amount of oxygen 
incorporated into the product, (iii) to 
determine the source of the incorporated 
oxygen, and (iv) to show that two re- 
ducing equivalents are also consumed 
during the reaction. Since enzymes of 
this class catalyze, in effect, two reactions 
of oxygen (transfer and reduction), it is 
particularly important, if difficult, to 
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Table 1. Characteristics of oxygen transferases. References, where given in column 1, 


identify studies made with tracer oxygen 





Name Activators 


Homogentisate oxidase Ascorbate, gluta- 
thione, ene-diols 


Glutathione 
Ascorbate 


Pyrocatechase (6) 
3-Hydroxyanthranilic 
oxidase (8) 


Protocatechuic acid 
oxidase 
Tryptophan oxidase (8) H2O: (?) 


Indolylacetic oxidase 


substrates ) 
Glutathione, Bus, 
folic acid, adenylic 


acid 


Indole oxidase 


Lipoxidase 


establish the homogeneity of the active 
centers. 

No enzyme has been shown rigorously 
to be a mixed-function oxidase, for this 
requirement has not been adequately 
satisfied, but a number of enzymes are 
probably members of this class because 
they possess several, if not all, of the re- 
quired characteristics. These character- 
istics are listed in Table 2. Of this group, 
imidazoleacetic oxidase (8), nonspecific 
liver hydroxylase (10), steroid 11f-hy- 
droxylase (11), squalene oxidocyclase 
I (12), and the phenolase complex (4) 
have been studied with heavy oxygen, as 
has the model hydroxylating system that 
consists of ferrous iron and ascorbic acid 
in the presence of molecular oxygen (13). 

The order in which one atom of the 
oxygen molecule is transferred to the 
substrate and the other atom is reduced 
is an interesting problem which has not 
been solved for any oxidase of this class. 
If the electron donors function by means 
of two one-equivalent reduction steps, 
then the free radicals O,- or HO, (but 
not OH), as complexes with enzyme, 
may be oxygen-transferring intermedi- 
ates. If the donors function by means of 
one two-equivalent reduction, the en- 
zyme complexes of O,, O,--, or O may 
be oxygen-transferring intermediates. 
These alternatives are illustrated by the 
following reaction types. In type i mecha- 


nisms (Eq. 6) 


EO.: AH: DH = 


AOH+E+D*t+OH- (6) 


a quaternary complex, AH: E-O,- DH, 
forms and dissociates into the products 
AOH, D, E, and OH 


resents oxygen acceptor 


(where AH rep- 
and DH the 
electron donor). If the oxygen acceptor, 
AH, or the product of oxygen acceptance, 
AOH, serves as the electron donor, as 


Mn**, monophenols, 
aniline (peroxidase 


Inhibitors ae 
groups 
Dipyridyl, CN’, iodoace- Fe**, SH 
tate, diethyldithio-car- 
bamate (fH 5—loss 
of Fe**) 
Ag*, Cu**, dialysis Fe** 
Dipyridyl, CN’, p-chlo- Fe**, SH 
romercuribenzoate, 
HO. 
p-Chloromercuribenzo- Fe**, SH 
ate 
Catalase, CO (light re- Heme (?) 
versible), Ns, CN~, Cut* 
Catalase, CO (light re- Heme 


versible) , CN™ 


Cyanide, Azide, 
dipyridyl, Ag 


Heavy metal 


appears to be the case with the phenolase 
complex and -hydroxyphenylpyruvate 
oxidase, only ternary complex formation 
is required. 

According to the type ii mechanism, 
the oxygen-transferring intermediate is 
enzyme-oxygen complex, EO,, which is 
transformed into EO as a result of trans- 
fer of one atom of oxygen to substrate 


(Eq. 7) 


EO. + AH = AOH + EO (7) 


In a second (and possibly third) step, 
the electron donor reduces EO to E+ 
O-- (Eq. 8) 


EO+DH=E+D*+OH (8) 


In the type iii mechanism, one oxygen 
atom of enzyme-oxygen complex is re- 
duced to O--, forming the oxygen-trans- 
ferring intermediate, EO, Eqs. 9, 10). 


EO,+DH=EO+D*+OH (9) 
EO+ AH =£E+AOH (10) 


In the type iv mechanism, the oxygen- 
transferring intermediate is the enzyme- 
peroxide complex, E*H,O, or _ its 
equivalent, formed by two-equivalent 


reduction of enzyme-oxygen complex 
(Eqs. 11, 12). 


FO.+ DH =E:HOs+D* (11) 
E:HO, + AH = £E+AOH+OH (12) 


Mixed-function oxidation in which 
the oxygen-transferring intermediate is 
formed by a one-equivalent reduction 
step is illustrated by type v (Eq. 13). 


EO. + DH = EO:H +D (13) 


The enzyme-oxygen complex undergoes a 
one-equivalent reduction to E-O,- or 
E:O,H, the oxygen-transferring inter- 
mediate. The complex EO- or EOH 
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that is formed as a result of oxygen trans- 


fer (Eq. 14) 
EO.H + AH = EOH+AOH (14) 


undergoes a second one-equivalent re- 
duction to free enzyme and hydroxyl 
anion (Eq. 15). 


EFOH+DSE+D' +O -(15) 


Evidence has developed from study of 
the reaction complexes of hemoproteins 
with peroxide (14) and from examina- 
tion of the mechanisms of aromatic hy- 
droxylation taking place in the presence 
of ferrous iron, oxygen, and ascorbic acid 
(13) or peroxidase, oxygen, and dihy- 
droxyfumarate (J5) which strongly sug- 
gests that it is possible to form positively 
charged oxygen-transferring species of 
the general structure Fe*+O or its equiva- 
lent, but it is not possible to generalize 
from this evidence to the mixed-function 
oxidases as a class. Much work remains 
to be done in this field. 


Electron-Transfer Oxidases 


The third major class of enzymes 
which catalyze reactions of molecular 
oxygen are the electron-transfer oxidases. 
In the presence of these enzymes and 
appropriate electron donors, oxygen is 


reduced to hydrogen peroxide (two-elec- ° 


tron transfer, Eq. 16) 


Oz + 2e = Os” (= H2O2z) (16) 


or to water (four-electron transfer, Eq. 


17) 


O.+4e = 207 (=2H:0O) = (17) 


These oxidases may reduce molecular 
oxygen only (for example, uricase and 
cytochrome oxidase); in this case they 
are oxygen-obligative. If other electron 
acceptors also serve as substrates (as with 
glucose oxidase, xanthine oxidase, and 
others) -they are oxygen-facultative. In 
order to identify an enzyme as an elec- 
tron-transfer oxidase, it is necessary to 
show that one molecule of oxygen is con- 
sumed per two electrons transferred and 
that the product is hydrogen peroxide 
(Eq. 16) or that one molecule of oxygen 
is consumed per four electrons trans- 
ferred and that the product is water 
(Eq. 17). If, as a result of electron loss, 
the donor molecule is ultimately oxy- 
genated (as with uric acid and xanthine 
oxidations) it must be shown that the in- 
corporated oxygen atoms arise from the 
solvent or from oxyanions dissolved in 
the solvent (Eq. 18; Eq. 19 describes one 
possible mechanism for this kind of re- 
action) 
O.+ DH+OH~- =HOs+DOH (18) 
DH = D* + H* + 2¢ (19) 
D*+OH = DOH 
whereas hydrogen peroxide and water 
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formed by these electron transfers must 
be derived from the atoms of molecular 
oxygen which have been consumed. A 
list of the various classes of electron- 
transfer oxidases follows. 

Two-electron transfer, oxygen obliga- 
tive. Uricase (16). 

Two-electron transfer, oxygen-faculta- 
tive. Xanthine oxidase (17), aldehyde 
oxidase, glucose oxidase (18), arabinose 
oxidase, pyruvic oxidase, glycolic oxi- 
dase, a-hydroxyacid oxidase, acyl CoA 
dehydrogenase, monamine oxidase, di- 
amine oxidase, sarcosine oxidase, N- 
methylamino oxidase, diphosphopyridine 
nucleotide oxidase, methemoglobin re- 
ductase, triphosphopyridine nucleotide 
oxidase, triphosphopyridine nucleotide- 
cytochrome reductase, pyrimidine oxi- 
dase, and others. 

Four-electron transfer oxidases. Lac- 
case, catecholase function of phenolase 
complex, ascorbic acid oxidase, and cyto- 
chrome oxidase. 

There are experimental obstacles 
which make it difficult, if not impossible, 
to determine whether these enzymes 
transfer hydrogen as well as electrons to 
oxygen. In the case of pyridine nucleo- 
tide acceptors for two-electron transfer 
oxidases, transferred hydrogen is fixed 
and can be detected by tracer techniques, 
but when molecular oxygen is the elec- 
tron acceptor, hydrogen which might 
have been transferred during the forma- 
tion of hydrogen peroxide or water is 
readily exchangeable with solvent pro- 
tons and cannot be identified. For this 
reason, the expression electron-transfer 
oxidase is preferred. 

During formal stepwise addition of 
two electrons to molecular oxygen, a 
very reactive free radical intermediate, 
O,- or HO, (perhydroxyl) may be 
formed, and during the formal stepwise 


addition of four electrons to molecular 
oxygen, both perhydroxyl and free hy- 
droxyl may form (Eqs. 20 to 23) 


O. + e = Os or HOz (20) 
HO.+e=HO-; orH:O. (21) 
H.O02+ e = H:Os or HX0+*OH (22) 
*OH+e=OH or H:O (23) 


From a biological point of view, en- 
zymic reduction mechanisms that form 
these free radicals from molecular oxy- 
gen must be disadvantageous to the or- 
ganism, not only because an energetic 
random attack on functioning compo- 
nents and structures of the cell must 
ensue, but also because biochemically 
efficient utilization of the free energy of 
these radicals appears to be impossible. 
It is more likely that the whole process 
of oxygen reduction takes place in such 
a manner that intermediate unpairing of 
electrons, if it occurs at all, occurs under 
such chemical or spatial constraint that 
the free radicals which form are essen- 
tially independent of the random colli- 
sion or mass action principle. 

Since the mechanisms of enzymic two- 
electron and four-electron transfers to 
oxygen have been extensively discussed 
in recent articles (compare 19, 20) only 
brief comment on this subject is given 
here. Two-electron transfers to oxygen 
may be catalyzed by metalloproteins (for 
example, uricase, xanthine oxidase, alde- 
hyde oxidase) or by coenzyme-enzyme 
complexes (for example, glucose oxidase, 
arabinose oxidase, glycolic oxidase, 
amino acid oxidases, and others). In the 
case of the copper-containing, oxygen- 
obligative enzyme, uricase, evidence has 
been reported (1/9) which supports the 
view that the metal atom provides a 
locus for the aggregation of both urate 


Table 2. Characteristics of mixed-function oxidases. 











Name Cosubstrate Inhibitors uae 
Phenylalanine Diphosphopyridine Dipyridyl, Ns, CN- Fe** 
hydroxylase nucleotide 
Imidazoleacetic Diphosphopyridine 
oxidase (8) nucleotide 
Nonspecific liver Triphosphopyridine nu- Dipyridyl, p-chloromer- Fe**, —SH 
hydroxylase (10) cleotide (not DPNH, curibenzoate 
P H2Osz, or ascorbate ) 
Steroid 11-B-hy- Triphosphopyridine Versene, CN" Unknown 
droxylase (11) nucleotide 
Kynurenine Triphosphopyridine Unknown 
3-hydroxylase nucleotide 
p-Hydroxyphenyl-* Substrate intermedi- p-Chloromercuribenzo- Cu, SH 
pyruvate oxidase ate ate, diethyldithiocarba- 
mate, N-ethylmaleimide 
Phenolase com- o-Diphenolic inter- CO, CN’, diethyledi- Cut* 
plex (4) mediate thiocarbamate 
Squalene oxido- Di- or triphospho- Unknown 
cyclase I (12) pyridine nucleotide 
Peroxidase hydroxy- Dihydroxyfumarate Mn’"*, catalase Heme 


lating system 





and oxygen in a ternary catalytic com- 
plex, permitting the transfer of electrons, 
either singly or in pairs, from urate to 
oxygen. 

Beinert has recently reported that in 
the oxidation of substrate by the flavo- 
protein, fatty acyl CoA dehydrogenase, 
two molecules of enzyme-bound flavin 
appear to act together (2/). They are 
reduced togeiher to a semiquinonoid 
state by one molecule of substrate which 
is thereby converted directly to product 
without passing through a detached free 
radical state. It is reasonable to suppose 
that in the reoxidation of the semiquino- 
noid enzyme intermediate by oxygen, two 
electrons are similarly transferred to the 
oxygen molecule without forming a de- 
tached perhydroxyl free radical. It is of 
interest that the oxygen-facultative, two- 
electron transfer oxidase, glucose oxidase, 
also contains two molecules of flavin per 
molecule of enzyme. If these coenzymes 
act in concert during the reduction of 
molecular oxygen to hydrogen peroxide 
without forming detached perhydroxy]l, 
the absence of indiscriminate radical at- 
tack during the action of the enzyme may 
be explained. 

The enzymes which catalyze terminal 
four-electron transfer to molecular oxy- 
gen are all metalloproteins (laccase, as- 
corbic oxidase, catecholase function of 
the phenolase complex, and cytochrome 
oxidase ). In these cases, it is usually con- 
sidered that either four consecutive trans- 
fers of single electrons to the bound 
oxygen molecule occur, or that the elec- 
tron-transfer oxidase is so organized with 
respect to substrate that groups of elec- 
trons can be transferred simultaneously. 
This may be accomplished by means of 
clusters of oxidases bound to the oxygen 
molecule, each undergoing one-equiva- 
lent oxidation-reductions, or by means of 
two-equivalent (or higher) oxidation- 
reductions (1/4). 

In the case of oxidases bearing copper 
or iron at their active centers, this might 
involve valence states higher than two or 
three (for example, respectively Cut’, 
Cut*, Fe+#, Fet®, or Fe**). In such a 


case, two-equivalent reduction of molec- 
ular oxygen becomes possible without 
formation of detached free radical in- 
termediates. The evidence mentioned 
concerning the reactions of hemoproteins 
with peroxides (/4), and electrophilic 
hydroxylations catalyzed by ferrous iron- 
oxygen systems (13, 15) suggests that 
molecular oxygen bound to cytochrome 
oxidase may undergo two two-electron 
reduction steps, each step forming a 
water molecule or hydroxyl anion (Eqs. 


24, 25). 


Fec**O2+ 2e =Fec*O+O- (24) 
Fect*O + 2e = Fec*+ +O- (25) 
The relationship between such a 


mechanism for the terminal reduction of 
molecular oxygen to two molecules of 
water and mechanisms proposed for 
mixed-function oxidation (types ii and 
iii) is apparent and is being investigated. 
It is also apparent that such electron 
transfer and mixed function systems, 
acting in reverse with consumption 
rather than production of energy, afford 
interesting hypotheses for photosynthetic 
formation of molecular oxygen. 


Summary 


The enzymes which catalyze reactions 
of molecular oxygen occur in three prin- 
ciple classes: (i) oxygen transferases, 
(ii) mixed function oxidases, and (iii) 
electron transferases. The first class cata- 
lyzes the transfer of a molecule of molec- 
ular oxygen to substrate. The second 
class catalyzes the transfer of one atom 
of the oxygen to substrate; the other 
atom undergoes two-equivalent reduc- 
tion. The third class catalyzes the reduc- 
tion of molecular oxygen to hydrogen 
peroxide or to water. 
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taught uninterruptedly until his retire- 
ment in 1942. 

An ardent disciple of his predecessor, 
William Graham Sumner, who intro- 
duced, in 1875, the first course in sociol- 
ogy in an American university, he de- 
voted much of his research, following the 
latter’s death in 1910, to bringing to com- 
pletion the huge project which Sumner 
had begun and which was finally pub- 
lished as the four-volume Science of So- 
ciety, in 1927. Keller, a prodigious writer, 
was the author of 12 other volumes. 
Noteworthy among them are Homeric 
Society (1902), Colonization (1908), So- 
cietal Evolution (1915), Man’s Rough 
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Road (1932), and Net Impressions 
(1942). He also edited various books— 
collections of Sumner’s essays in particu- 
lar—and published scores of articles and 
hundreds of notes and reviews. 

Like Sumner, Keller was a pioneer in 
stressing the objective and scientific ap- 
proach to the study of social phenomena. 
The two men founded what might be 
called “cultural sociology,” a compara- 
tive study of the institutions and _pat- 
terned forms of behavior of social groups. 
At the risk of oversimplification, it may 
be said that Sumner’s major single con- 
tribution was the concept of the folkways 
(Folkways, 1906) and Keller’s, that of 
extending the principle of evolution into 
the social range (Societal Evolution, 
1915). Sumner defined folkways as hab- 
its of the individual and customs of the 
society which arise from efforts to satisfy 
needs, They become regulative for suc- 
ceeding generations and take on the 
character of a social force. Although 
deeply rooted in tradition, they are modi- 
fiable and change in response to changing 
life-conditions, Keller demonstrated that 
adjustment is the crucial fact in social 
life, that man’s mode of adjustment is 
mental and social rather than organic, 
and that it may be measured by his 
civilization or culture. Societal adjust- 
ment, he further held, is achieved, in the 
main, automatically, through the opera- 
tion of massive impersonal forces of 
which the individuals concerned are 
rarely more than dimly aware. 

The work of both scholars was inte- 
grated in the monumental Science of 
Society, which traced the development 
and adjustment of social institutions from 
early beginnings, drawing material from 
primitive, as well as modern, societies, 


*and basing conclusions on tens of thou- 


sands of instances or cases. 

This dispassionate analysis, classifica- 
tion, comparison, sequence-making, and 
law-derivation in the field of human af- 
fairs was a novel approach in their time, 
when the traditional study of mankind 
consisted in appeal to the supernatural, 
appeal to authority, reliance on intui- 
tion, pure logic, and the like, with no 
thought of subjecting notions to rigorous 
verification, and when indeed, at least 
in certain quarters, it was regarded as 
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quite improper to consider men and so- 
ciety as natural phenomena. “Under- 
graduate students,” Keller once wrote, 
“know little about method, and care less. 
What they imbibe, however, from tender 
years, is deduction, always deduction. 
They are not taught much about causes 
—impersonal causation—but ever is 
agency set before them, chiefly in the 
guise of the great man, the hero to wor- 
ship. They are fed upon grand shaky 
major premises and imposing visions of 
idealized lives of great men, and other 
edifying and ethical mythology. Through 
such constructions Sumner [and Keller 
too] drove a mighty bludgeon. Of course 
there was lamentation and resistance as 
the pieces flew, but young men are far 
from being supine fools and besides, they 
are not averse to a racket; and many of 
them followed. Sumner through the hole 
he had made and came out into a freer 
air on the far side.” 

A born teacher, with the knack of put- 
ting ideas, even abstract ones, into force- 
ful language, Keller exerted a tremen- 
dous influence on generations of Yale 
students. In his long years at Yale he 
estimated that he had taught 16,000 of 
them. Teaching he regarded as a man- 
sized job, to be done to the best of one’s 
ability, faithfully and conscientiously; a 
human job that should rank above the 
paper job of research and publication. 
He demonstrated that he could do both 
extremely well, but, to his mind, teach- 
ing was the greater of the two. 

The distinguishing traits of his teach- 
ings, as they were impressed on his stu- 
dents, were to challenge every idea and 
tradition by reference to cold facts; to 
conceive present crises—political, eco- 
nomic, social—in the light of a long 
stretch of social evolution; to mistrust all 
panaceas, exercises in logic, and subjec- 
tive and mystical revelations of ethical 
principles and transcendent philosophies; 
to dig the major premise out of every 
generalization, particularly out of the 
noble ones; to work unceasingly; never to 
compromise for the sake of diplomacy; 
and, above all, to discipline oneself. 

Keller held that all good elementary 
teaching in college must be more or less 
dogmatic. “To begin with the balancing 
of theories,” he asserted, “is idiotic. The 
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only way in which a student may health- 
ily set out is from some definitely and 
clearly presented position; then subject it 
to all the criticism possible. But there 
must be something solid to set foot upon, 
and I do not know what could be better 
adapted to the purpose than the matured 
conclusions, from long and intimate ac- 
quaintance with the facts, of a mind 
whose single interest is the truth. What 
matter if later study and experience 
cause one to question such conclusions? 
He has at least something positive to cor- 
rect or reject; and is challenged by his 
very respect for what he has been strongly 
taught, not to abandon it for less than 
serious reason.” 

In part because of a shy and retiring 
nature, which he hid behind a kind of 
surface bluntness, and in part because he 
felt they took time away from his work, 
Keller shunned membership in profes- 
sional organizations and most outside ac- 
tivities. Although he was one of the 
founders of the American Sociological 
Society, he attended its meetings for only 
a few years and later resigned. His mem- 
berships consisted only of Phi Beta 
Kappa, the Sigma Xi, and the university 
club. 

A lone wolf in many respects, Keller 
was distinguished by his personal and in- 
tellectual honesty, which led him to deal 
openly with others and to abhor all po- 
litical maneuvering; by his scientific in- 
tegrity, which made him impatient of 
fools and charlatans (of whom there 
have been more in the social sciences 
than in disciplines further advanced to- 
ward preciseness); by his paradoxical 
combination of a fundamental tolerance 
of attitude with a dogmatism of exposi- 
tion, which proved effective in long years 
of successful undergraduate teaching; by 
his stability and toughness of mind, his 
utter lack of pretense, and his austerity. 
Defects reside in these as in all virtues, 
as Keller would have been the last to 
deny, but the picture that emerges is that 
of a genuine scientist, imbued with a 
deep humility in the face of the moun- 
tain of the unknown beside the molehill 
of the known. 

Maurice R. Davie 
Department of Sociology, Yale 
University, New Haven, Connecticut 





News of Science 


2000 Sign Test Ban Appeal 


Nobel laureate Linus Pauling, head of 
the Division of Chemistry and Chemical 
Engineering at California Institute of 
Technology, recently released to the 
press a petition urging the cessation of 
nuclear bomb tests. The statement, 
called “An appeal by American scien- 
tists to the governments and people of 
the world,’ was signed initially by 27 
specially solicited scientists and then cir- 
culated for further signatures among the 
science faculties of universities through- 
out the country. In the 4-day period 29 
May to 1 June, approximately 2000 sci- 
entists, acting as individuals, lent their 
support to the appeal, which reads as 
follows: 

“We, the American scientists whose 
names are signed below, urge that an 
international agreement to stop the test- 
ing of nuclear bombs be made now. 

“Each nuclear bomb test spreads an 
added burden of radioactive elements 
over every part of the world. Each 
added amount of radiation causes dam- 
age to the health of human beings all 
over the world and causes damage to the 
pool of human germ plasm such as to 
lead to an increase in the number of 
seriously defective children that will be 
born in future generations. 

“So long as these weapons are in the 
hands of only three powers an agree- 
ment for their control is feasible. If test- 
ing continues, and the possession of these 
weapons spreads to additional govern- 
ments, the danger of outbreak of a cata- 
clysmic nuclear war through the reckless 
action of some irresponsible national 
leader will be greatly increased. 

“An international agreement to stop 
the testing of nuclear bombs now could 
serve as a first step toward a more gen- 
eral disarmament and the ultimate ef- 
fective abolition of nuclear weapons, 
averting the possibility of a nuclear war 
that would be a catastrophe to all hu- 
manity. 

“We have in common with our fellow 
men a deep concern for the welfare of 
all human beings, As scientists we have 
knowledge of the dangers involved and 
therefore a special responsibility to make 
those dangers known. We deem it im- 
perative that immediate action be taken 
to effect an international agreement to 
stop the testing of all nuclear weapons.” 
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The initial sponsors of the statement, 
in addition to Pauling, include: Barry 
Commoner, department of botany, 
Washington University; Edward U. 
Condon, chairman, department of phys- 
ics, Washingivii University; Charles D. 
Coryell, department of chemistry, Mas- 
sachusetts Institute of Technology; Les- 
lie C. Dunn, department of zoology, 
Columbia University; Viktor Ham- 
burger, department of zoology, Wash- 
ington University; Michael Heidel- 
berger, College of Physicians and Sur- 
geons, Columbia University; I. H. 
Herskowitz, department of zoology, In- 
diana University; Herbert Jehle, de- 
partment of physics, University of 
Nebraska; Martin Kamen, department 
of biochemistry, Washington Univer- 
sity; Edwin C. Kemble, department of 
physics, Harvard University; I. M. 
Kolthoff, School of Chemistry, Univer- 
sity of Minnesota; Chauncey Leake 
(physiology, pharmacology), vice presi- 
dent, Medical Branch, University of 
Texas; S. E. Luria, department of bac- 
teriology, University of Illinois; Max 
Mason (mathematics), California Insti- 
tute of Technology; Carl V. Moore, 
dean, School of Medicine, Washington 
University; Philip Morrison, department 
of physics, Cornell University; Hermann 
J. Muller, distinguished service profes- 
sor, department of zoology, Indiana 
University (Nobel prize, 1946); Severo 
Ochoa, chairman, biochemistry depart- 
ment, New York University—Bellevue 
Medical Center; C. C. Price, director, 
Harrison Laboratory of Chemistry, de- 
partment of chemistry, University of 
Pennsylvania; Arthur Roberts, depart- 
ment of physics, University of Roches- 
ter; M. L. Sands, department of phys- 
ics, California Institute of Technology; 
Vernor Schomaker, department of 
chemistry, California Institute of Tech- 
nology; Laurence H. Snyder, dean of 
the Graduate College and professor of 
medical genetics, University of Okla- 
homa, and president of the AAAS; 
Oswald Veblen, professor, school of 
mathematics, Institute for Advanced 
Study, Princeton; Maurice B. Visscher, 
professor of physiology and head, de- 
partment of physiology, University of 
Minnesota; W. H. Zachariasen, depart- 
ment of physics, University of Chicago. 

Among other signers are Joseph Er- 
langer of Washington University (Nobel 





prize, 1944), Harlow Shapley of Har-§ 


vard University, and David L. Hill of 


the Atomic Energy Commission’s Los ) 
Alamos Scientific Laboratory. Pauling 


reports that there are approximately 40 


members of the National Academy of | 
Sciences on the roster. However, many ff 
well-known scientists have refused to | 


sign the petition, some with public state- 7 
x 


ments of protest. 

Joel H. Hildebrand, head of the de- 
partment of chemistry at the University 
of California, commented as follows in 
a letter to Pauling: 


“Your statement that ‘each nuclear | 


bomb test spreads an added burden of 
radioactive elements over every part of 
the world’ is not a true indication of the 
dangers in the absence of quantitative 


comparisons with natural radiation and | 


current X-ray usage... . Your statement 
goes far beyond ‘making the dangers 
known’; it enters the realm of interna- 
tional diplomacy where a scientist pos- 
sesses no peculiar knowledge or wisdom. 


... I think, with Dr. Willard F. Libby, | 


that the risk to persons from radioactive 
fall-out should be estimated against the 
risk to human freedom of abandoning 


what appears at present to be its main | 





defense in a world where international | 


agreements are continually violated. 
Freedom was won for us by men who 
valued it above life; we should preserve 
it even at the cost of lives.” 

George Beadle, head of the biology 
department at California Institute of 


Technology and former AAAS president | 


said: 
“T 


I agree there is urgent need for re- | 


viewing the situation, both scientifically | 
and morally. . . . I feel that scientists | 
ought to confine their public statements | 


to their own fields, or to make it clear 
that they are speaking not as experts 
but are expressing private opinions.” 

Still another point of view about the 
appeal was presented by Bentley Glass, 
geneticist and professor of biology at 
Johns Hopkins University, who  ob- 
served: ’ 

“Tt is important to note that this ap- 


peal does not ask for a unilateral cessa- | 


tion of weapons testing, but for an inter- 
national agreement. That, of course, is 
exactly what all Americans want if it 
is obtainable with the proper precau- 
tions. Whether the appeal backed by the 
signatures of many scientists will at the 
present moment strengthen the hands of 
our representatives trying to negotiate 
such an agreement in London, or pos- 
sibly may embarrass them, it is hard to 
say.” ' 

The document has been forwarded 
to Representative Chet Holifield (D., 
Calif.), chairman of the subcommittee 
of the Joint Congressional Committee 
on Atomic Energy, which has been hold- 
ing hearings on the radiation problem. 
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Aid for Polish Science 


A $475,000 appropriation to aid sci- 
ence in Poland has been announced by 
the Rockefeller Foundation. At the end 
of April the Ford Foundation also an- 
nounced a $500,000 grant to stimulate 
cultural, science and technical exchanges 
between Poland and the West. Both 
programs developed from visits by the 
foundation’s representatives to Poland 
last February. In each case, they were 
the first such efforts by the foundations 
on behalf of Soviet-dominated countries. 

The Rockefeller program includes 
$175,000 for fellowships to enable from 
20 to 30 young Polish scholars to study 
in other countries during the next year. 
The remaining $300,000 is to buy mate- 
rials and equipment for Polish univer- 
sities and research institutions. In addi- 
tion, half a dozen senior Polish scholars 
are expected to be included in the foun- 
dation’s regular program for travel 
grants. This would be outside the spe- 
cial appropriation. 

Approximately half of the Polish fel- 
lows may seek to come to the United 
States. Problems of passports and visas 
will be handled by the scientists them- 
selves. The State Department has indi- 
cated it is “the general attitude of our 
Government to encourage such contacts 
with Poland.” No favors or exceptions 
from official policy have been asked. 

The fellows will be drawn largely 
from the biological sciences, particularly 
medicine and agriculture. After personal 
interviews by foundation advisers with 
candidates nominated by Polish institu- 
tions, awards will be made that will as- 
sure the scholars posts upon their return 
to Poland. 

The $300,000 grant will aid the uni- 
versities at Warsaw, Poznan, Wroclaw, 
Lublin, Cracow, and Lodz, medical and 
agricultural schools and research insti- 
tutes ‘affiliated with the Ministries of 
Health and Agriculture, and the Polish 
Academy of Sciences. 


Film on Security Practices 


Can the Federal Government’s indus- 
trial security program grow so large that 
eventually every engineer and scientist in 
the country will require clearance in or- 
der to work anywhere at all? This ques- 
tion is raised in a movie previewed re- 
cently in Washington by the national 
council of the League of Women Voters. 
The film, produced by the League’s Car- 
rie Chapman Catt Memorial Fund, 
neither condemns nor condones current 
security practices. The League’s purpose 
in making the film is not to criticize the 
industrial security program, “but to get 
people to think about it.” ‘ 

“Kill Only the Ivy” is the title. It 
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will be offered soon to League units all 
over the United States for local presen- 
tation. The movie shows the outcome of 
two fairly typical cases which actually 
came before the screening board set up 
in the Defense Department to pass on 
people who apply for secret and top- 
secret work in defense plants. In both 
cases dramatized, clearance had been 
denied. But eventually, in one instance, 
the decision was reversed. 


Women in Engineering 


Emma C. Barth, an engineer in the 
rotating apparatus department at the 
Westinghouse plant in East Pittsburgh, 
Pa., commented recently on discrimi- 
nation against women engineers. She 
pointed out in a lecture that of more 
than 120,000 women who received de- 
grees in 1956 only 62 were graduated in 
engineering, while at the same time a 
survey by the National Education Asso- 
ciation showed that this country will 
need 630,000 engineers by 1965 but will 
have only 530,000 available then. Miss 
Barth also observed that the male ad- 
vantage in basic engineering aptitude 
tests is only 3 to 2 over women, accord- 
ing to a 1956 report of the U.S. Depart- 
ment of Labor. 


Brown-Hazen Fund 


The Research Corporation has an- 
nounced the establishment of the Brown- 
Hazen Fund, its first program of grants 
in the medical sciences. The fund’s re- 
sources are derived from royalties on the 
production of nystatin, the antifungal 
antibiotic discovered and developed by 
Elizabeth L. Hazen and Rachel Brown 
of the scientific staff of the New York 
state laboratory. 

The fund committee will consider re- 
quests for support of fundamental re- 
search in biochemistry, microbiology, 
and immunology. Inquiries may be ad- 
dressed to Dr. Rachel Brown (secre- 
tary), Division of Laboratories and Re- 
search, New York State Department of 
Health, Albany 1, N.Y., or to Mr. 
Charles H. Schauer, Research Corpora- 
tion, 405 Lexington Ave., New York 17, 
N.Y. 


Pyroceram 


The Corning Glass Works has reported 
the development of a versatile new sub- 
stance, Pyroceram, that is harder than 
steel and lighter than aluminum. The 
material was announced at the recent 
dedication of Corning’s new research 
center. The first practical use of Pyro- 
ceram will be in radomes, the nose cones 


that protect the directional instruments 
in guided missiles. 

Pyroceram starts out as glass and is 
melted and fashioned in the same way. 
But each batch of raw material includes 
chemical ingredients that contain a nu- 
cleating agent, which, under heat treat- 
ment, forms crystals. Glass is noncrystal- 
line, whereas Pyroceram is crystalline. 

The new material can be cast like 
metal in a foundry, thus allowing the 
fabrication of large and complex shapes. 
The substance is extremely hard and 
fine grained. It can be made transparent 
or opaque and, by controlling the chemi- 
cal composition and growth of the Pyro- 
ceram crystals, materials of widely dif- 
fering properties can be produced. Pyro- 
ceram was invented and developed by 
S. Donald Stookey, manager of Cor- 
ning’s chemical research department. 


Cloud-Seeding 


An evaluation of the effects of com- 
mercial cloud-seeding that has been car- 
ried out in the Great Plains area is being 
conducted by the Advisory Committee 
on Weather Control. The problems of 
this evaluation are being called to the 
attention of interested meteorologists and 
statisticians before an attempt is made 
to calculate the precipitation during the 
seeded period. 

At present the commitiee staff is study- 
ing techniques for the effective forecast- 
ing of precipitation in the summertime. 
The preblems that present themselves 
immediately are (i) how to find a satis- 
factory control area and (ii) how to deal 
with the wide variability of the shower- 
type precipitation that occurs during the 
summer. Comments and suggestions will 
be appreciated. These should be sent to 
Max A. Woodbury, Advisory Committee 
on Weather Control, Washington 25, 
D.C. 


Luminous Clams 


William D. McElroy, professor of 
biology at Johns Hopkins University and 
director of the university's McCollum- 
Pratt Institute, is in Naples, Italy, col- 
lecting specimens of the luminous clam, 
Pholas dactylus, that is native to the 
area. Through the cooperation of the 
Naples Experimental Zoological Station, 
he hopes to procure several hundred of 
these mollusks, which he will have 
packed in ice and shipped to the univer- 
sity. 

McElroy and his colleagues will use 
the clams in their studies of the conver- 
sion of chemical energy into light energy. 
The research group at Hopkins has long 
been concerned with the chemical in 
fireflies, adenosine triphosphate, that is 
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tiécessary for light emission. This com- 
pound, called ATP, is present in all liv- 
ing things and plays a part in the utiliza- 
tion of energy. 

McElroy for a number of years has 
been using large quantities of fireflies’ 
tails in his efforts to learn how energy is 
liberated. Through this work with fire- 
flies, he discovered that luciferin, a com- 
pound in the firefly’s tail or lantern, 
when combined with ATP and the en- 
zyme luciferase, produces light: The 
amount of light varies with the amount 
of ATP; hence, the combination of small 
amounts of tissue of the lantern with a 
fixed amount of luciferin and luciferase 
will determine how much ATP is in the 
tissue. McElroy will use clams in this 
study for the first time. 


New Nuclear Laboratory 


The $50 million atomic research labo- 
ratory in Middletown, Conn., where the 
Air Force intends to develop a nuclear 
aircraft engine, received its first employ- 
ees last month. Pratt and Whitney Air- 
craft Corporation, which will operate 
the laboratory for the Air Force, has 
moved equipment and 500 employees 
who have been working on the project 
from South Windsor, Conn., into the 
Maromas section of Middletown. The 
Air Force facility, known as CANEL, 
covers a 1200-acre tract in an isolated 
area bordering the Connecticut River. 
Under construction for almost 2 years, 
the plant will employ about 3500 when 
it goes into full operation late this year. 


Educational TV 


The Fund for the Advancement of 
Education (New York) has announced 
the establishment of the National Pro- 
gram in the Use of Television in the Pub- 
lic Schools, for which the fund is making 
available $986,000. Taking part in this 
program initially are eight large cities— 
Atlanta, Cincinnati, Detroit, Miami, 
Norfolk, Oklahoma City, Philadelphia, 
and Wichita—and two states, Nebrask: 
and Oklahoma. Grants have been made 
to the public school authorities in these 
cities and states on a matching dollar 
basis to begin regular classroom instruc- 
tion over television in the elementary and 
high schools. In each case television 
teaching to large classes will begin next 
September. 

The fund has over the past 2 years sup- 
ported a number of: experiments in the 
use of television in the public schools— 
notably in Hagerstown (Md.), St. Louis, 
Pittsburgh, and Chicago. These demon- 
strations have already shown that a 
teacher can extend his services through 
the use of television, that pupils learn at 
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least as much in television classes as with 
conventional instruction, that television 
Saves a great deal of time and thus per- 
mits teachers to give pupils more indi- 
vidual attention. The National Program 
in the Use of Television in the Public 
Schools will try to find out whether the 
experience in a few communities can be 
applied to most American schools. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list 
bills introduced recently follows. 

HR 7431. Make an appropriation to 
National Science Foundation to con- 
struct and equip a geophysical institute 
in Territory of Hawaii. Burns (D 
Hawaii) House Appropriations. 

HR 7245. Authorize Secretary of 
Army, Secretary of Navy, and Secretary 
of Air Force to make grants to educa- 
tional institutions for construction of 
military and naval science buildings. 
Rabaut (D Mich.) House Armed Serv- 
ices, 

HR 7171. Create a Federal Advisory 
Council of Health in Executive Office of 
the President. Wainwright (R N.Y.) 
House Interstate and Foreign Commerce. 

HR 7388. Regulate interstate distribu- 
tion and sale of packages of hazardous 
substances intended for household use. 
Curtis (R Mo.) House Interstate and 
Foreign Commerce. 

H Res 243. Express sense of House 
that Secretary of Health, Education and 
Welfare should investigate the Santa 
Cruz plan for rehabilitation of hospital- 
ized mental patients. Gubser (R Calif.) 
House Interstate and Foreign Commerce. 

S J Res 85. Amend act approved 7 
Aug. 1935 (P.L. 253) concerning U.S. 
contributions to International Council of 
Scientific Unions. Green (D R.I.) (by 
request) Senate Foreign Relations. 

HR 7167. Amend section 1314 of act 
of 7 Aug. 1953 (P.L. 207) 83rd Congress 
(67 Stat. 418) re authority of Federal 
officers and agencies to withhold infor- 
mation and limit availability of records. 
Hoffman (R Mich.) House Appropria- 
tions. 

HR 7172. Amend section 3 of chapter 
324 of act of 11 June 1946 (60 Stat. 238) 
to clarify and protect right of public to 
information. Dawson (D Ill.) House 
Judiciary. 

S 1949. Facilitate the administration 
of the public lands. Murray (D Mont.) 
(by request). Senate Interior and Insu- 
lar Affairs. 

S 2119. Expedite utilization of tele- 
vision facilities in our public schools 
and colleges and in adult training pro- 
grams. Magnuson (D Wash.) Senate 
Interstate and Foreign Commerce. 


of such 


S 2039. Clarify the requirements re 
performance of labor imposed as a con- 
dition for the holding of mining claims 
on Federal lands pending the issuance of 
patents therefor. Bible (D Nev.) Senate 
Interior and Insular Affairs. 

HR 7253. Amend section 27 of act 
entitled “An act to promote the mining 
of coal, phosphate, oil, oil shale, gas and 
sodium on the public domain” to in- 
crease the aggregate acreage of coal 
leases that may be held by one person in 
any one state. Thomson (R Wyo.) House 
Interior and Insular Affairs. 

S 2072. Establish a Chiropractic Sec- 
tion in Medical Service Corps of Army. 
Case (R S.D.) Senate Armed Services. 

HR 7542. Authorize Secretary of Navy 
to take possession of naval oil shale re- 
serves and to experiment in extraction 
of synthetic liquid fuels from oil shale 
in interest of national security. Staggers 
(D W.Va.) House Armed Services. 

HR 7444. Amend Veterans’ Readjust- 
ment Assistance Act of 1952 to make 
educational benefits provided for therein 
available to all veterans, whether or not 
they served during a period of war or of 
armed hostilities. Beckworth (D Texas) 
House Veterans’ Affairs. 

S 2077. Direct Secretary of Depart- 
ment of Interior to undertake a survey in 
order to assist in promoting the produc- 


tion of concentrated iron ore and steel 


in southern Appalachian area. Talmadge 
(D Ga.), Russell (D Ga.), Thurmond 
(D S.C.), Johnston (D S.C.), Spark- 
man (D Ala.), Hill (D Ala.), Kefauver 
(D Tenn.), Ervin (D N.C.), Scott (D 
NiGe). 


Scientists in the News 


H. BURR STEINBACH, professor 
of zoology at the University of Minne- 
sota, has been appointed chairman of 
the department of zoology at the Uni- 
versity of Chicago, effective 1 July. He 
succeeds the late Carl R. Moore. Stein- 
bach is well known for ‘his work in bio- 
electric phenomena, injury potentials, 
the sodium-potassium equilibrium of 
cells, ontogenesis of enzyme systems in 
chicks, and the enzyme systems of cel- 
lular inclusions. 


HARVEY BROOKS, investigator of 
nuclear power and solid-state physics, 
will become dean of engineering and ap- 
plied physics at Harvard University on 
1 Sept. Brooks, who is Gordon McKay 
professor of applied physics, is in Eng- 
land this year conducting research as a 
Guggenheim fellow at the Cavendish 
Laboratory, Cambridge. 

He will succeed JOHN H. VAN 
VLECK, Hollis professor of mathemat- 
ics and natural philosophy, who plans 
to resume his research in mathematical 
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physics. Van Vleck also expects to pre- 
pare a greatly enlarged edition of his 
Theory of Electric and Magnetic Sus- 
ceptibilities, published in 1932. 


MARGARET G. ARNSTEIN, who 
is to become chief of Public Health 
Nursing for the U.S. Public Health 
Service on 1 July, has been named the 
first visiting professor under the Annie 
W. Goodrich Endowment at the Yale 
University School of Nursing. She will 
take a leave from her Government post 
to teach at Yale University next spring. 


CARL H. KOONTZ, professor of 
civil engineering at Worcester Polytech- 
nic Institute, has been named head of 
the department. He succeeds the late 
Andrew H. Holt. 


D. J. RICHEY and C. L. MORGAN, 
both of Clemson College, have received 
the annual Jefferson award of the South 
Carolina Academy of Science for their 
paper “Control of leucocytozoon infec- 
tion in turkeys.” The award is sponsored 
by the Phipps and Bird Company, Rich- 
mond, Va. 


PAUL F. RUSSELL, chief malaria 
consultant for the Rockefeller Founda- 
tion, has received the Darling Founda- 
tion prize for “outstanding achievements 
in the control of malaria.” The presen- 
tation was made in Geneva, Switzerland, 
by Sabih Hassan al-Wahbi of Iraq, presi- 
dent of the World Health Assembly. 


ROBERT L. FRENCH, research psy- 
chologist for the Air Research and De- 
velopment Command, has been ap- 
pointed technical director of the Oper- 
“ator Laboratory belonging to ARDC’s 
Air Force Personnel and Training Re- 
search Center, Lackland Air Force Base, 
Texas. 


RICHARD A. GOFF has replaced J. 
TEAGUE SELF as chairman of the de- 
partment of zoology at the University of 
Oklahoma in accordance with the uni- 
versity’s policy of rotating departmental 
chairmanships. Self had served as chair- 
man for the past 12 years because he had 
been reappointed to serve two extra 
terms. 


JOHN P. NASH, for the past 7 years 
research professor of applied mathe- 
matics at the University of Illinois, has 
been appointed manager of the informa- 
tion processing division of Lockheed Mis- 
sile Systems division’s research and de- 
velopment branch. Nash, who has offices 
at the missile division’s research and de- 
velopment center in Palo Alto, Calif., 
will supervise the activities of the mathe- 
matics and computer services depart- 
ment. 
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JOHN J. SHEININ, president of Chi- 
cago Medical School, was one of several 
Americans to receive the Horatio Alger 
award for 1957. The award was estab- 
lished several years ago by the American 
Schools and College Association as an 
effort to combat a trend of thought that 
equal opportunity was a thing of the 
past. 

Each year the association has awarded 
medals to six or seven people whose 
careers typify the results of individual 
initiative, hard work, honesty, and ad- 
herence to traditional ideals. Hundreds 
of names of business and _ professional 
leaders from all walks of life are sub- 
mitted to the nominating committee. 
After screening, some 18 or 20 of these 
names are submitted to about 3000 cam- 
pus leaders in more than 500 colleges 
and universities. These people, by their 
votes, select those whose careers they 
consider best reflect the spirit of achieve- 
ment in spite of obstacles. 


JOHN H. PETERS, clinical associate 
professor ‘of medicine at Emory Uni- 
versity, has been appointed assistant 
medical director for research for the 
American Heart Association. He will be 
responsible for administering the na- 
tional research support program con- 
ducted by the association and its affili- 
ates. 


UGO FANO, chief of the nuclear 
physics section of the National Bureau 
of Standards, has been awarded the De- 
partment of Commerce gold medal for 
exceptional service, the department’s 
highest employee honor. This award 
recognizes his “outstanding scientific ac- 
complishment in the development of 
radiation theory.” Fano is a specialist in 
the penetration and diffusion of radia- 
tion through matter, and his theories are 
widely used in connection with nuclear 
reactor shielding problems. At present 
he is on leave from the bureau, on a 
Rockefeller public service award, to 
write a book on quantum physics for 
nonphysicists. 


GEORG VON BEKESY, senior re- 
search fellow in psychophysics at the 
Psycho-Acoustic Laboratory, Harvard 
University, has received the 1957 gold 
medal of the American Otological So- 
ciety for his contributions to the progress 
of otology. 


JEROME HUNSAKER of Boston, 
Mass., has received the gold medal of the 
Royal Aeronautical Society (London). 
He was cited for “his contributions to 
aeronautical research and education, in- 
cluding his inspired chairmanship of the 
National Advisory Committee for Aero- 
nautics, whose work has so greatly bene- 
fited aeronautical activities everywhere.” 





B. D. THOMAS, director of the Bat- 
telle Institute, Columbus, Ohio, has been 
awarded an honorary degree of doctor 
of engineering by the Michigan College 
of Mining and Technology (Houghton, 
Mich.) “in recognition of his high attain- 
ments in engineering.” The degree was 
presented on 10 May on the occasion of 
the inauguration of J. R. VAN PELT as 
sixth president of the college. Thomas 
was principal speaker at the inaugura- 
tion. 


JOHN J. BITTNER, director of the 
University of Minnesota’s division of 
cancer biology, will receive the honorary 
degree of doctor of medicine and surgery 
from the University of Perugia, Italy, on 
28 July during the second International 
Symposium on Mammary Cancer. 


ULF GRENANDER of the Univer- 
sity of Stockholm will fill the newly 
established chair of mathematical statis- 
tics and probability at Brown University. 
He will develop courses, teach, and di- 
rect research when he takes up his duties 
on 1 Sept. 


ARTHUR C. TOTTEN, chairman of 
the department of orthodontics of the 
Columbia University Faculty of Medi- 
cine, was honored recently at a testi- 
monial dinner. He will retire at the end 
of the current term after 28 years of 
service. He plans to continue in private 
practice. 


Recent Deaths 


HAVEN EMERSON, New York, 
N.Y.; 82; public health physician, for- 
mer Health Commissioner of New York 
City and founder of the New York Heart 
Association; 21 May. 

HAROLD M. HIPSH, University 
Park, Pa.; 34; head of the department 
of aeronautical engineering at Pennsyl- 
vania State University; 23 May. 

MAURICE J. LEWI, New York, 
N.Y.; 99; president of the New York 
College of Podiatry and early cam- 
paigner for recognition of podiatry as 
a branch of the medical profession; 27 
May. 

HENRY H. PARKE, Sycamore, III; 
81; at one time professor at West Vir- 
ginia State College of agriculture and 
assistant state director of agriculture for 
Illinois, a founder of the American 
Farm Bureau Federation and the Na- 
tional Live Stock Producers Association; 
26 May. 

ROY W. SCOTT, Cleveland, Ohio: 
69; professor of medicine at Western Re- 
serve University School of Medicine, di- 
rector of City Hospital’s department of 
medicine, and former president of the 
American Heart Association; 25 May. 
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Marine Fungus Infecting Eggs and 
Embryos of Urosalpinx cinerea 


This paper reports a fungus infesta- 
tion of ova within the egg cases of the 
marine gastropod Urosalpinx cinerea 
(Say), the common oyster drill (1). 
This observation is important since it 
offers a possible biological control meas- 
ure for this snail, which is one of the 
most destructive predators of young oys- 
ters. Urosalpinx cinerea is currently 
being studied by the U.S. Fish and Wild- 
life Service and other groups in an effort 
to develop methods for controlling its 
predation. This fungus is one of the few 
natural controlling factors known for this 
gastropod. 

Fungus infestation in drill egg cases 
was first observed in cases taken from our 
outdoor tidal tanks, in which oyster drills 
are kept for laboratory study. Figure 1 
shows an egg case, with its outer mem- 
brane removed, containing four dense 
masses which were once healthy ova and 
now are infected with fungus growth. 

This fungus was isolated from the in- 
fested cases and was cultured by H. S. 
Vishniac (2), who thinks that it is a new 
form resembling Sirolpidium zooph- 
thorum. She believes that this fungus 
belongs to the order Lagenidaiales and 
resembles the Sirolpidiaceae but lacks 
the septa which characterize this family, 
as defined by Sparrow (3). Because the 
fungus also resembles Plectospira dubia 
(Atkins), a marine fungus capable of in- 
fecting crustacean eggs, a pure culture of 
our fungus was sent to D. Atkins (4). 
She was successful in infecting the eggs 
of the oyster crab, Pinnotheres, with our 
isolate but is of the opinion that it is 
not the same as P, dubia. 

Preliminary experiments conducted 
with a culture isolate demonstrated that 
this fungus will infect ova within the egg 
cases of U. cinerea in sterilized sea water, 
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at 20°C, with a salinity of 21 parts per 
thousand. Moreover, ova do not have to 
be moribund for the infestation to de- 
velop. In one experiment, a flask con- 
taining 200 ml of sterile sea water and 
20 washed egg cases containing ova and 
early gastrulae was inoculated with 3 ml 
of the cultured isolate. One hundred- 
percent infection occurred within 24 
days, although the controls had devel- 
oped from ova to protoconchs with no 
infestation. 

In a similar experiment, 12 egg cases, 
of which four contained ova, four, veliger 
larvae, and four, protoconchs, were used. 
At the end of 28 days the four egg cases 
which initially contained protoconchs 
had released them; the veliger larvae de- 
veloped to protoconchs; but the egg cases 
that contained ova were infected and did 
not develop. Normal development, with 
no infections, occurred in the control. 

In early experiments, in which infected 
egg cases were used as an inoculum, only 
egg cases that contained ova through 
veliger stages were infected, not the 
older egg cases that contained proto- 
conchs. Hence, infection appears to be 
confined to the ova and early developing 
stages and, in this respect, resembles the 
infecting behavior of P. dubia on crus- 
tacean eggs, inasmuch as P. dubia is 
likewise less pathogenic for the prezoeal 
and zoeal stages than it is in the early 
stages of the egg development (5). 

Biotic control of the drill by using a 
trematode parasite which causes castra- 





“al 


Fig. 1. An egg case of Urosalpinx cinerea 
with its outer membrane removed to show 
four dense masses of fungus-infested ova 
(x10). 





tion in snails has been suggested by Cole 
(6). The only other known biotic factor 
which might be considered as a means of 
control is a tube-dwelling amphipod, 
which was found to form mud tubes in 
drill egg cases and presumably destroys 
the ova of the drills on the West Coast 
(6). Hence, the fungus infestation here 
described presents another biotic factor 
which may be considered for control of 
U. cinerea. However, the practicability 
of control by the use of a fungus is 
doubtful, since any control measures in 
the field would demand the creation of 
environmental couditions conducive to 
infestation and dissemination. On the 
other hand, if this fungus can be carried 
and spread by the drills themselves, it 
may offer a specific, natural infecting 
agent capable of reducing efficiently the 
population density of the oyster drill. 

A. E, GANARos 
U.S, Fish and Wildlife Service, 
Milford, Connecticut 
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Regulation of Liver Cholesterol 
Synthesis by Lymph Cholesterol 


Very little is known about the homeo- 
static mechanism(s) regulating the blood 
and tissue cholesterol levels in the ani- 
mal body. It has been reported that the 
endogenous synthesis of cholesterol is, in 
part, regulated by the intake of dietary 
sterol. In the dog and rat who have pre- 
viously been fed cholesterol in their diet, 
there is a depression of liver cholesterol 
synthesis, both in vivo and in vitro (1). 
In addition, fasting has been shown to 
reduce markedly the rate of cholesterol 
synthesis in the rat (2). 

Of particular interest to the athero- 
sclerosis problem is the endogenous syn- 
thesis of cholesterol and its reabsorption. 
It has been suggested, on the basis of 
recent findings (3), that reduction of 
endogenous synthesis and also of reab- 
sorption of endogenous ‘cholesterol may 
lower the cholesterol level in the blood 
and tissues. In connection with studies 
on tissue cholesterol and _ cholesterol 
ester synthesis being carried out in our 
laboratories, an interesting observation 
was made on the effect of removal of 
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endogenous cholesterol on cholesterol 
synthesis. This report describes these 
findings (4). 

Rats with a thoracic lymph fistula 
were prepared and given saline to drink. 
Twenty-four hours after the operation, 
the lymph-fistula animals and normal 
fasted rats were given intraperitoneally 
a tracer dose of 30 uc of 1-C1*-acetate. 
The animals were sacrificed at 1 hour, 
and the liver and blood were removed. 
The total cholesterol was isolated by ex- 
traction, hydrolysis, and digitonin pre- 
cipitation (5). The digitonides were 
plated and C** activity was determined 
in a windowless gas flow counter and 
corrected for self-absorption. 

The results, expressed as specific ac- 
tivity of the isolated cholesterol, are 
shown in Table 1. There was an eight- 
fold increase in the specific activity of 
the liver cholesterol of the lymph-fistula 
rat over that of the normal rat. In the 
plasma, the specific activity of the cho- 
lesterol of the lymph-fistula rat was ap- 
proximately 13 times that of the normal 
rat. In addition, there was no significant 
change in the total cholesterol content 
of the liver and plasma in the lymph- 
fistula animal. 

The amount of cholesterol present in 
a 24-hour sample of lymph from a fast- 
ing’ rat is 8 to 10 mg. This represents 
sterol derived from the hepatic lymph 
and from reabsorption of cholesterol 
secreted in the bile and from the in- 
testinal mucosa. It appears that the re- 
moval of this amount of endogenous 
cholesterol (8 to 10 mg) during a 24- 
hour fast leads to a pronounced increase 
in the rate of cholesterol synthesis in the 
liver. Moreover, the ratio of the specific 
activity of the plasma cholesterol to that 
of the liver cholesterol in the two types 
of animals suggests that there is a more 
rapid release to the plasma of newly 
synthesized cholesterol in the lymph- 
fistula animals. 

These findings provide further evi- 
dence that the homeostatic control of 
cholesterol synthesis is sensitive to fluc- 
tuations in the cholesterol supply. Ex- 
ogenous cholesterol depresses synthesis; 
in the present experiments, the “bleed- 
ing out” of 8 to 10 mg of endogenous 


Table 1. Liver cholesterol synthesis in 1 
hour from 1-C"-acetate in normal and 
lymph-fistula rats. There were four ani- 
mals in each group. 





Specific activity 


A . of 
(count/min mg Total concn. o 











of cholesterol) cholesterol 
Li Plasma 

i Plasma aan mg 

Group Liver (%) s 
%) 

Normal 359 + 142 128* 0.219 58 

Lymph 

fistula 29354293 16274173 0.212 54 





‘ 


* Plasma was pooled. 
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cholesterol by way of the lymph fistila 
produced a marked increase in synthesis. 
Since exogenous cholesterol and a part 
of the endogenous supply of cholesterol 
enter the plasma by way of the thoracic 
duct, a major factor controlling the rate 
of cholesterol synthesis in the liver may 
be the amount of cholesterol entering the 
plasma by this lymph route. These ex- 
periments also pose a question whether 
the removal of endogenous cholesterol 
would be effective in lowering the levels 
of blood and tissue cholesterol. 
Leon SweEL1, E. C. Trout, Jr., 

Henry Fiezp, Jr., C. R. TREADWELL 
Veterans Administration Center, 
Martinsburg, West Virginia, and 
Department of Biochemistry, 
George Washington University 
School of Medicine, Washington, D.C. 
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Histochemical Demonstration of 
Reactivation of 
Acetylcholinesterase in vivo 


Pyridine-2-aldoxime methiodide (2- 
PAM) and certain other oxime and 
hydroxamic acid derivatives can reacti- 
vate acetylcholinesterase in vitro follow- 
ing its inactivation by diisopropylfluoro- 
phosphate (DFP) and other irreversible 
alkylphosphate anticholinesterase agents 
(1, 2). The oximes can also protect an- 
mals against the lethal effects of the 
alkylphosphate anticholinesterases and 
reverse théir neuromuscular blocking ac- 
tion (3-6). Although reported findings 
suggest that the mechanism of the pro- 
tective action in vivo is dependent at 
least in part on reactivation of acetyl- 
cholinesterase, evidence for this has been 
found only with diaphragmatic muscle 
(7). An alternative explanation is that 
the protective effect of 2-PAM and simi- 
lar agents may be due largely to direct 
combination between the oxime and the 
anticholinesterase agent in the body be- 
fore the latter has reacted with the en- 
zyme (2, 8), since in most studies the 
oxime has been injected intraperitoneally 
prior to or shortly after subcutaneous in- 
jection of the anticholinesterase agent 
(3, 5). 

Recent work has indicated that the 


total acetylcholinesterase of neurons may 
consist of “functional” acetylcholinester- 

ase, external to a lipoid-like membrane, 

and internal or “reserve” acetylcholin- 

esterase; the latter may represent more 

recently synthesized enzyme which is 

stored within the endoplasmic reticulum 

(9). The pharmacological actions of 

anticholinesterase agents are probably 

due to inactivation of the former (10). 

If this represents only a small portion 

of the total acetylcholinesterase, its in- 

activation and subsequent reactivation 
might not be detectable by usual homo- 
genate techniques. Furthermore, only 
limited quantities of quaternary agents, 
such as 2-PAM, might penetrate the 
blood-brain barrier and have access to 
the central nervous system. 

In order to determine whether 2-PAM 
can reactivate acetylcholinesterase of 
nervous tissue and skeletal muscle in 
vivo, the following study was under- 
taken (11). Cats were anesthetized with 
sodium pentobarbital (30 mg/kg, intra- 
peritoneally) and given atropine sulfate 
(3 mg/kg, intraperitoneally) and 20 
umole (3.68 mg) of diisopropylfluoro- 
phosphate per kilogram, (intravenously) 
(freshly diluted from a 0.1M stock solu- 
tion in anhydrous propylene glycol). 
Four cats served as diisopropylfluoro- 
phosphate controls. Six received intra- 
venous injections of 2-PAM at the doses 
and time intervals indicated in Table 1. 
After the cats had been sacrificed by in- 
travenous administration of air, the stel- 
late and ciliary ganglia and a portion of 
intercostal muscle were removed and 
sectioned immediately at 10 w (ganglia) 
or 20 » (muscle) on the freezing micro- 
tonie. Sections were placed on slides 
and incubated in acetylthiocholine me- 
dium for 5, 10, 20, 40, and 80 minutes, 
after which they were developed with 
(NH,).S, gold-toned, dehydrated, and 
mounted, (/2). Staining was compared 


Table 1. Schedule of intravenous admin- 
istration of 2-PAM and sacrifice of anes- 
thetized cats following intravenous ad- 
ministration of diisopropylfluorophosphate 
(DFP) (20 umole/kg). 











Time of . 
adminis- Time of 
Cat  2-PAM tration *@Ctifice 
No. (pmole/kg) after after 
DFP —~ODzEP 
(min) (min) 
1 35 
2 35 
3 78 
4 79 
5 20 5 35 
6 40 5 35 
7 20 20 35 
8 40 20 35 
9 40 63 78 
10 40 64 79 
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with that of similarly treated control sec- 
tions from cats which had received no 
diisopropylfluorophosphate or 2-PAM. 
Typical results are shown in the photo- 
micrographs in Fig. 1. 

In ganglia from control animals, stain- 
ing for acetylcholinesterase is intense in 
the cell membranes and cytoplasm of the 
cholinergic neurons (ciliary ganglion) 
and considerably lighter in adrenergic 
neurons (majority in the stellate gan- 





Fig. 1. Sections of ciliary ganglion (C), 
stellate ganglion (§) and intercostal motor 
endplates (M) of cats, stained for acetyl- 
cholinesterase. 1, Control; 2, diisopropyl- 
fluorophosphate (20 wmole/kg) 79 min 
prior to sacrifice; 3, diisopropylfluoro- 
phosphate 79 min and 2-PAM (40 umole/ 
kg) 15 min prior to sacrifice. Ganglia were 
incubated 80 min, magnification x 120; 
endplates were incubated 20 min, magni- 
fication x 350. 
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glion). Heavy staining for the enzyme is 
also seen in the terminations of the cho- 
linergic preganglionic fibers, which are 
represented in the stellate ganglion 
chiefly by the protoplasmic tracts. Faint 
staining for nonspecific cholinesterase 
can be seen in the glial cells of both 
ganglia. In the intercostal muscle, acetyl- 
cholinesterase activity is concentrated in 
the subneural apparatus of the motor 
endplates. 

The acetylcholinesterase of the gan- 
glia of the diisopropylfluorophosphate 
controls sacrificed at 35 minutes was 
practically completely inactivated. In 
the two controls sacrificed at approxi- 
mately 80 minutes, there was faint stain- 
ing of the cytoplasm of the cholinergic 
neurons, suggesting the synthesis of new 
acetylcholinesterase. This is in keeping 
with the aforementioned conclusion that 
synthesis of the enzyme may occur within 
the endoplasmic reticulum (9). Marked 
reduction occurred in the acetylcholin- 
esterase activity of the motor endplates, 
which showed, however, 
variation in intensity. 

Findings in all six cats which received 
diisopropylfluorophosphate followed by 
2-PAM were practically identical, de- 
spite the differences in doses and time 
intervals. The cholinergic neurons of the 
ciliary ganglia showed distinct peripheral 
staining, and faint but definite staining 
within the cytoplasm. The same was true 
of the cholinergic neurons of the stellate 
ganglion; in this tissue, staining could be 
seen also in the protoplasmic tracts. 
Staining of the motor endplates varied, 
but the average intensity was consider- 
ably greater than that of the controls. 

When diisopropylfluorophosphate _ is 
injected intravenously, most of the agent 
probably reacts with esterases and other 
constituents of the tissues within a few 
minutes; after an hour, it is highly un- 
likely that any uncombined compound is 
present (13). Therefore, these results 
appear to demonstrate conclusively that 
2-PAM can reactivate acetylcholinester- 
ase of neurons and motor endplates in 
vivo after its inactivation by diisopro- 
pylfluorophosphate. 


considerable 


GrorcE B. KoELie 
Department of Physiology 
and Pharmacology, 
Graduate School of Medicine, 
University of Pennsylvania, Philadelphia 
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New Mutation in Polioviruses 


During the last several years our 
knowledge of the mutation of polio- 
viruses has been much increased through 
studies in various in vitro systems. Mu- 
tants of reduced virulence for monkeys 
have been discovered (1). With regards 
the size of plaque on monolayers of mon- 
key kidney cells, Dulbecco and Vogt (2) 
have obtained an r (rapid) mutant of 
Brunhilde, and Dubes (3) has isolated 
slow Mahoney, a genetic variant of Ma- 
honey that produces relatively tiny 
plaques. Dubes (4) has also reported on 
the cold-adapted variants of polioviruses. 
Heat-resistant variants of polioviruses 
were also isolated (5). 

It has been shown (6) that spon- 
taneously occurring neutralizing sub- 
stances for three types of poliovirus can 
be found in normal adult bovine serums. 
Although the data thus far accumulated 
indicate apparently the possible identity 
of the neutralizing substances with the 
antibody, it must be admitted that the 
evidences are not yet conclusive enough, 
and further experimental work is re- 
quired before this can be accepted as 
proved. Accordingly, in this report we 
refer to these substances as normal bo- 
vine serum (NBS) inhibitors for the sake 
of brevity. 

In the work reported here (7), mu- 
tants of the poliovirus strains, Mahoney 
and MEF-1, “resistant” to NBS inhibi- 
tors, have been obtained readily through 
serial passages of the parental viruses in 
HeLa cell cultures with a medium con- 
taining 20 to 40 percent inhibitory nor- 
mal bovine serum. Our strain of HeLa 
cells has been propagated quite satisfac- 
torily during the last 15 months in me- 
dium YLA (Earle, 0.5 percent lactal- 
bumin hydrolyzate and 0.1 percent Difco 
yeast extract) (8), supplemented with 
only 20 percent normal bovine serum. 

A simple method was devised that can 
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be used both for the demonstration of 
NBS inhibitors in bovine serums and for 
the detection of mutants of polioviruses 
resistant to NBS inhibitors. When mono- 
layers of either HeLa cells or monkey 
kidney cells that had been inoculated 
with parental polioviruses were overlay- 
ered with YLA agar containing 10 to 20 
percent inhibitory normal bovine serum, 
only small plaques (usually 0.5 to 1.5 
mm) were produced 4 to 5 days after 
seeding. In contrast, larger plaques (up 
to 8 to 10 mm) were formed on control 
plates that were overlayered with agar 
containing 10 percent noninhibitory 
horse or calf serum. Furthermore, it was 
found that plaques produced by the re- 
sistant mutants are definitely larger than 
those produced by the parental polio- 
viruses on inhibitory agar plates and 
approach the plaque sizes of the latter 
on the control plates. After the large 
mutant plaques have been replated on in- 
hibitory agar plates, clones of the mu- 
tant virus can be readily obtained. 
Both Mahoney and MEF-I strains were 
first twice plaque-purified on HeLa cell 
monolayers, and respective stocks, grown 
on HeLa cell cultures, were used to in- 
itiate serial passages. A bottle culture of 
HeLa cells (5 to 8x 10® cells) with 9 
ml of medium YLA supplemented with 
40 percent inhibitory NBS-120 was in- 
oculated with 1 ml of undiluted Mahoney 
stock (108 pfu/ml) and examined daily 
for cytopathogenic action. As soon as cel- 
lular degeneration was complete, culture 
fluid was harvested and 1 ml of the har- 
vested fluid was inoculated again into 
a new HeLa cell bottle culture contain- 
ing 40 percent NBS-120. A_ resistant 
mutant was obtained from the seventh 
passage of the series of serial passages. 
After the mutant had been plaque- 
purified on HeLa cell monolayers, the 
plaque sizes of the mutant (PI-289) and 
those of the parental Mahoney were com- 
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pared on HeLa cell monolayers (Table 
1.) It is clear that plaques of the mutant 
(Pl-289) are definitely larger than those 
of the original Mahoney on HeLa cell 
monolayers with 20 percent NBS-120 
agar overlay and that the plaques show 
a distribution essentially similar to that 
of parental Mahoney on control plates. 

In another experiment, resistant mu- 
tants were detected even after single pas- 
sage of parental MEF-1 virus in HeLa 
cell bottle culture in the presence of 40 
percent strongly inhibitory NBS-70. In 
this instance, cellular destruction was 
complete only 7 to 9 days after inocula- 
tion of 1 ml of undiluted MEF-1 stock. 
Plaque sizes of a mutant of MEF-1 
(P1-91) thus obtained are compared with 
those of parental MEF-1 on monolayers 
of monkey kidney cells in Fig. 1. It is 
clear that the mutant (PI-91) produces 
larger plaques than those of the original 
MEF-1 on monkey kidney monolayers 
with NBS-70 agar overlay. 

These mutants of both types of polio- 
virus isolated from different series of 
serial passages have been studied with 
respect to their sensitivity to NBS in- 
hibitors. Undiluted normal bovine serum 
used for respective serial passages and 
virus (10° pfu/ml) were mixed and in- 
cubated at 37°C. At various subsequent 
times, a sample of the mixture was fur- 
ther diluted and assayed for active virus 
by the plaque method (9) on HeLa cell 
monolayers to determine the kinetic 
curve of inactivation (1/0) of the original 
and mutant viruses. In each case, it was 
clearly observed that the mutant viruses 
were inactivated definitely slower and to 
a lesser extent than the respective origi- 
nal viruses. Therefore it may be con- 
cluded at least that mutation to resist- 
ance to NBS inhibitors is involved in the 
formation of larger plaques on the NBS 
inhibitor plates, although it does not ex- 
clude the possibility that other types of 


Table 1. Distribution of plaque sizes of parental Mahoney virus and its mutant “resist- 
ant” to normal bovine serum (NBS) inhibitor on monolayers of HeLa cells. 
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Fig. 1. Comparison of plaque sizes of 
plaque-purified MEF-1 stock and its re- 
sistant mutant (PI-91), isolated and twice 
plaque-purified after single passage of 
parental MEF-1 in HeLa cell bottle cul- 
ture with medium containing 40 percent 
NBS-70, on monolayers of monkey kidney 
cells. H and 70, agar overlay containing 
10 percent horse serum and 20 percent 
NBS-70, respectively. The photograph was 
taken 3 days after inoculation (approxi- 
mately one-half natural size) . 


mutation may also be involved. In con- 
trast, since no apparent difference could 
be demonstrated between the kinetic 
curves of neutralization (10) of the 
original viruses and respective mutants 
with homologous antiserum, it is clear 
that the mutants are immunologically 
identical with the respective original 
viruses. 

The resistant mutants have been com- 
pared with the original viruses in viru- 
lence for mice by both the intracerebral 
and intraspinal routes of inoculation. The 
data available at this time show that the 
resistant mutants of both Mahoney and 
MEF-1 do not differ in virulence in mice 
from their respective progenitors. The 
mutants were found to be stable through 
ten rapid serial passages in tissue cul- 
tures of HeLa, monkey kidney cells, and 
embryonic human skin muscle in the 
absence of NBS inhibitors. 

NosuyYuKI TAKEMORI, SHIGEKO NOMURA 

Minoru Nakano, YuTAKA Morioka 

Mitsuo Henmi, Masami KiraoKa 
National Institute of Health, 
Shinagawa-ku, Tokyo, Japan 
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Inability of Nitrate to 
Serve as a Terminal 
Oxidant for Hydrocarbons 


Denitrifying or nitrate-reducing bac- 
teria are capable of growing aerobically 
in the absence of nitrate. All compounds 
which serve aerobically as energy sources 
for these organisms will serve in the same 
capacity anaerobically if nitrate is pres- 
ent as the electron acceptor. The only 
known exception to this rule is the in- 
ability of denitrifying bacteria to utilize 
aromatic acids anaerobically in the pres- 
ence of nitrate (J). 

During a study of the mechanisms of 
microbial hydrocarbon oxidation, at- 
tempts were made to isolate nitrate-re- 
ducing bacteria by the technique of van 
Iterson (2), with various straight chain, 
aliphatic hydrocarbons as the oxidizable 
substrate (3). Such isolation procedures 
were uniformly unsuccessful. The same 
technique, on the other hand, when 
citrate and ethanol were used as sources 
of energy, yielded large numbers of 
denitrifiers from soil samples. Numerous 
cultures conforming to the description 
of Pseudomonas stutzeri (4) were iso- 
lated in pure culture. 







To ascertain whether cultures iso- 
lated in this manner would oxidize hy- 
drocarbons anaerobically in the presence 
of nitrate, the technique of Allen and 
van Niel was employed (5). Essentially, 
the technique measures substrate oxida- 
tion by a conventional manometric de- 
termination of the nitrate reduction 
product (nitrogen). Hydrocarbons were 
supplied to washed, resting cells of or- 
ganisms grown anaerobically in yeast 
extract-peptone-nitrate broth as a 1-per- 
cent (volume by volume) emulsion in 
water. Homologous oxygen-containing 
derivatives were similarly dispersed and 
tested. Commercially available hydro- 
carbons appeared to be oxidized to a 
small but significant extent, but, when 
highly purified hydrocarbons (6) from 
the American Petroleum Institute were 
used, no oxidation was detected under 
anaerobic conditions with nitrate present 
(Fig. 1). All the homologous oxygen- 
containing compounds tested were read- 
ily oxidized anaerobically. No particular 
significance should be attached to the 
rates of oxidation, since they probably 
depend, in part, on degree of dispersion 
and surface area of substrate available. 

The data present another exception to 
the general rule concerning oxidative 
abilities of nitrate-reducing bacteria. A 
possible explanation for the failure of 
aromatic acids to function as oxidizable 
substrates for denitrifying organisms an- 
aerobically is found in the suggestion of 
Stanier (7) and Parr et al. (8) that the 
primary attack on the aromatic nucleus 
by bacterial enzymes involves the simul- 
taneous introduction of two hydroxyl 
groups—that is, a peroxidation. Peroxi- 
dations rarely occur in the absence of 
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Fig. 1. Oxidations of dodecane, 1-dodecene, and corresponding oxygen-containing deriva- 


tives by resting cells of P. stutzeri, grown in yeast extract-peptone-nitrate medium. Each 
vessel contained 8 mg (dry weight) of cells, 0.5 ml of 1 percent (volume by volume) sus- 
pension of substrate, and 0.8 ml of 0.02M phosphate buffer (pH 7.2). Each flask con- 
tained in addition, 20 umole of nitrate. Incubation was at 30°C. Ne evolution was meas- 
ured under anaerobiosis; both sets of data were derived from the same cell suspension. 
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oxygen, since molecular oxygen is gen- 
erally implicated directly in the forma- 
tion of the peroxide involved. Alterna- 
tively, the primary enzymatic attack on 
the paraffin molecule may involve the 
direct participation of oxygen in the re- 
action, as is the case in pyrocatechase 
(9). Hayaishi and coworkers (10) have 
recently shown that two types of these 
“oxygenases” exist; one type (phenolytic 
oxidases) adds both atoms of an oxygen 
molecule to the substrate, while the sec- 
ond type splits the oxygen molecule, re- 
ducing one to water and adding the other 
to the substrate. P. stutzeri will grow at 
the expense of benzoic acid aerobically 
but not in the absence of oxygen, even if 
nitrate is supplied (5). 

A parallel situation exists with the hy- 
drocarbons. Strains of P. stutzeri that 
are unable to oxidize hydrocarbons an- 
aerobically readily oxidize paraffins and 
olefins aerobically (Fig. 1, right). Aero- 
bically grown cells did not oxidize hy- 
drocarbons anaerobically. It is interesting 
to note that the “aerobic” oxidation of 
both paraffins and olefins among those 
tested (C,,, C,,, and C,,) occurred with- 
out detectable induction period, even 
though hydrocarbon was absent from the 
growth medium. 

These observations lend some cre- 
dence to the suggestion (//) that peroxi- 
dation or some other oxygen-requiring 
mechanism is the first step in the bio- 
logical oxidation of hydrocarbons and, 
together with the findings of Updegraff 
and Wren (/2), suggests that there are 
probably very few anaerobic oxidations 
of paraffins (with the possible exception 
of methane) by either nitrate-reducing 
or sulfate-reducing bacteria. Once the 
hydrocarbon structure has been breached 
by introduction of oxygen, by means of 
peroxidation or oxygenase action, oxida- 
tion at the expense of nitrate reduction 
and, presumably, sulfate reduction (by 
Desulfvibrio species) occurs readily. 

It is not suggested here that the oxy- 
gen-containing compounds tested are the 
immediate intermediates in the oxida- 
tion of paraffins. Intermediates isolated 
during the course of paraffin oxidation 
are being characterized and will be de- 
scribed later. 

Rosert W. Hansen* 
R. E. Katto 
College of Medicine, ; 
State University of Iowa, Iowa City 
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Relationship between Auxin and 
Membrane-Integrity in Tissue 
Senescence and Abscission 


Previous investigations have shown 
that the physiological aging and abscis- 
sion of fruits and foliar organs attend 
a drop in the auxin level of these deter- 
minant organs (J). This report pre- 
sents some experimental evidence of the 
probable role of auxin in such phe- 
nomena (2). 

Segments of commercially grown Ken- 
tucky Wonder pole beans were prepared 
as described by Bonner and English (3). 
From 10 to 20 segments were placed, 
with all, part, or none of the exocarp 
removed, in petri dishes on filter papers, 
which were kept moist with distilled 
water or distilled water plux auxin [in- 
dole-3-acetic acid (IAA) or naphthalene 
acetic acid (NAA) ] at concentrations of 
4 to 50 ppm. The experiments were con- 
ducted both with and without asepsis. 
The dishes were stored in the dark at 
25°C. 

At the end of 2% to 3 days, under 
aseptic conditions, the segments treated 
with 4 ppm auxin were plump and rigid, 
while the controls (water-treated) were 
soft and flaccid. Rigidity, however, was 
not directly related to the amount of 
water absorbed, for under some condi- 
tions the auxin-treated segments took up 
less water than did the control segments. 

Hand sections made after 2% to 5 
days revealed that, in the segments 
treated with auxin, the intercellular 
spaces were filled with air (Fig. 1); this 
is a normal situation, as is shown by com- 
parison with sections of fresh, whole 
beans. In contrast, sections of the con- 
trols showed that their intercellular 
spaces were filled with liquids (Fig. 2). 
Thus, it appears that the role of auxin 
in maintaining rigidity of the bean tissue 
is the result of an effect on membrane 
permeability; the auxin functions to 
maintain the selective permeability of 
the membranes, thereby preventing the 
exosmosis of cellular substances into the 
intercellular spaces. The latter process 
may be visualized as causal of disturb- 
ances in equilibria, which, accelerate 
senescence. 
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Subsequent to liquid-logging of the 
intercellular spaces, there occurred a dis- 
sociation of cells, manifested by their 
separating at the middle lamella and 
rounding-up. The possibility that pec- 
tinases may be among the cellular sub- 
stances liberated into the spaces is being 
investigated. 

With concentrations of 4, 25, and 50 
ppm auxin, membrane-integrity in the 
bean segments was maintained for 7, 11, 
and 17 days, respectively. In experiments 
performed without asepsis, the first sign 
of contamination appeared after the loss 
of membrane-integrity. Rapid bacterial 
decomposition followed as a result of 
the favorable substratum provided by the 
loss of cellular substances. 

Auxin was most effective in mainte- 
nance of membrane-integrity when it 
was applied immediately. After 24 hours 
of water treatment it gave partial effects, 
and after 48 hours, no effects. This indi- 
cates that membrane-alteration begins 
during 24 hours, and is irreversible after 
48 hours, of water treatment. 

Sections of limp, whole beans showed 
that the effect of auxin on membrane- 
integrity is unrelated to the phenomenon 
of water loss that occurs as beans wilt, 
for the intercellular spaces were filled 
with air, although much water had been 
lost. 

There was a differential response of 
tissues of the bean segments to loss of 
membrane-integrity. If such differential 
developments were to take place in se- 
lected tissues in other material, such as 
the abscission zone, the following hy- 
pothesis is suggested. The cells of the 
abscission zone are especially sensitive 
to a drop in auxin level. Below a critical 
level, the cells in this zone lose the in- 
tegrity of their membranes; this permits 
the displacement of cellular fluids which 
affect the middle lamella, causing dis- 
sociation of cells, and the leaf abscises. 
Following are the results of some experi- 
ments on the effects of auxin on the ab- 
scission zone in Coleus. 

A profusely branched stock of Coleus 
was used for the experimental work (4). 
Longitudinal hand sections show that 
the cells of the petiole are arranged in 
longitudinal rows, with conspicuous and 
continuous intercellular spaces oriented 
longitudinally and extending through the 
abscission zone. These spaces are nor- 
mally filled with air, as is evidenced by 
their interference with transmission of 
light owing to reflection phenomena 
(Fig. 3). 

Coleus shoots were spirally debladed 
from nodes 1 to 6, inclusive (5). Within 
3 days the debladed petiolar stumps at 
nodes 3 to 6 had abscised, while petioles 
at the uppermost nodes | and 2 were in- 
tact. Hand sections of debladed petioles 
from node | showed that the air in the 
intercellular spaces had been displaced 
by cellular fluids only in the cell layers 


of the abscission zone (Fig. 4). Various 
stages in the liquid-logging of the spaces 
were observed by means of fresh sections 
of many debladed petioles from nodes 1 
and 2. At each node the opposite, non- 
debladed petiole served as a control. The 
controls always showed intact air col- 
umns through the abscission zone. 
Subsequent to the loss of selective per- 
meability of the cell membranes in the 
abscission zone (evidenced by liquid- 
logging of the spaces) there was appar- 
ent a dissociation of cells, manifested by 





Fig. 1. Fresh section of bean segment after 
3+ days of auxin treatment, showing air- 


filled intercellular spaces (they appear 
black, owing to reflection phenomena). 
Fig. 2. Fresh section of bean segment after 
3 days of water treatment. Intercellular 
spaces are filled with liquid as a result of 
loss of membrane-integrity. Fig. 3. Longi- 
section of control petiole (with blade in- 
tact) of Coleus. Note the air-filled inter- 
cellular spaces traversing abscission zone. 
Fig. 4. Longisection of petiolar stump 
(node 1), 3 days after deblading. Inter- 
cellular spaces in abscission zone are filled 
with liquid, owing to loss of membrane- 
integrity. Fig. 5. Longisection of petiolar 
stump (node 2), 3 days after deblading. 
Note centripetal progression of abscission, 
owing to dissolution of middle lamella. 
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their separating and assuming a spheri- 
cal shape. This is illustrated in Fig. 5—a 
stage where complete dissolution of the 
middle lamella had occurred, resulting 
in the centripetal progression of abscis- 
sion. 

The hypothesis that auxin inhibits ab- 
scission through its effect on the main- 
tenance of membrane-integrity was fur- 
ther supported by experiments in which 
1 percent IAA in lanolin-water emulsion 
was applied distally on debladed petiolar 
stumps. Hand sections of these petioles, 
3, 5, and 10 days after deblading, re- 
vealed a continuity of air in the inter- 
cellular spaces traversing the abscission 
zone. 

A similar mechanism may be opera- 
tive, attending a drop in auxin level, 
during tissue senescence in certain fleshy 
fruits as well as in abscission of deter- 
minant organs in other plants. 

JoserpH A. SACHER 
Los Angeles State College and 
Division of Biology, California 
Institute of Technology, Pasadena 
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Differential Responses to 
Population Pressures by 
Normal and Dwarf Lines of Maize 


Dwarf or semidwarf variants in such 
species as sorghums, apples, beans, and 
peas are of economic importance. Sug- 
gestions have been made that one of the 
numerous, genetically different, semi- 
dwarf mutants of maize might also be 
useful agriculturally. The rationale has 
been that the shortened stalk of such 
dwarf types would markedly reduce the 
incidence of stalk breakage and root 
lodging which make machine harvest- 
ing difficult. ‘Therefore, these types would 
be acceptable if their yield were equal 
to or only slightly below normal. Leng 
(1) recently reported that single crosses 
made from inbreds which had been con- 
verted to the recessive mutant brachy- 
tic 2 were satisfactory in yield. 

Field observations in our laboratory of 
dwarf types had indicated that they 
might actually possess yielding ability 
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beyond their normal counterparts. These 
observations motivated the start of a 
testing program in 1954 designed to char- 
acterize the response of both dwarf and 
normal types to population pressures at 
high levels of fertility and with adequate 
water available. Work during the past 3 
years has shown that at least one reces- 
sive semidwarf mutant compact (ct) has 
a significantly different response to popu- 
lation pressures from the normal inbred 
Hy or two other semidwarf mutants re- 
duced and brachytic 2 (2). 

The compact mutant arose by spon- 
taneous mutation in a stock of Hy2 and 
has previously been designated as Hy2 
(dwarf). It has been compared for 3 
years in replicated yield tests to the nor- 
mal Hy inbred, for 2 years to a Hy con- 
version to reduced, and for | year to a 
Hy conversion to brachytic 2. Thus all 
types under test were inbreds which had 
roughly comparable genotypes except for 
the loci conditioning plant height. Data 
on grain and stover yields, leaf areas, 
mineral content of the leaves, flowering 
dates, and ear characteristics were col- 
lected for each strain at various popu- 
lation levels. Figure 1 shows the yield in 
bushels per acre at four populations for 
1956, the only year in which all four 
genetic strains were compared. Note the 
attainment of a yield optimum at 26,000 
plants per acre by the compact strain and 
only slight decreases in yield at the higher 
populations; this is in marked contrast 
to the other types tested. Note, too, that 
at 26,000 plants per acre, the compact 
strain yields more than the normal strain 
yields at 13,000 plants per acre. Such a 
superiority in yield for the compact strain 
at higher populations over the normal 
strain at any population tested was also 
noted in the 1954 and 1955 tests. 

The test reported here was made with 
inbred material, Hy, and various semi- 
dwarf mutants inserted into a Hy back- 
ground. It would be unwarranted to ex- 
trapolate from the responses of inbreds 
to population pressures to the responses 
of hybrids. Other tests have shown, how- 
ever, that normal hybrids with Hy as 
one parent react similarly to Hy with 
regard to population increases. Further, 
reduced hybrids respond in much the 
same manner as reduced Hy while 
brachytic 2 hybrids are similar to brachy- 
tic 2 Hy. 

The compact strain clearly has a dif- 
ferent response to high populations from 
three other comparable strains carrying 
other genes affecting plant size. This re- 
sponse enables compact to yield slightly 
more at high populations than the nor- 
mal type yields at any population tested. 
Further, inbreds and hybrids carrying 
the same dwarfing gene (either rd or 
br2) react similarly to population pres- 
sures. These findings suggest that yield 
increases over normal hybrids can be ob- 
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Fig. 1. Yields in bushels per acre for four 
inbreds which are genetically similar ex- 


cept for major genes that affect plant size 
(1956). 


tained by the use of hybrids converted to 
the compact gene. Preliminary tests of 
partially converted hybrids will be made 
in 1957 (3). 

O. E. NEtson, Jr. 

A. J. OHLROGGE 

Department of Botany and Plant 
Pathology, and Department of 
Agronomy, Purdue University, 
Lafayette, Indiana 


References and Notes 


1. E. R. Leng, Abstr. Am. Soc. Agron. (1956), 
p. 69. 

2. We are indebted to W. R. Singleton for seed 
of the reduced types and to E. R. Leng for 
seed of the brachytic types. 

3. This article is journal paper No. 1101 of the 

Purdue University Agricultural Experiment 
Station. 


5 March 1957 


Selective Blockade of Excitatory 
Synapses in the Cat Brain by 
y-Aminobutyric Acid 


y-Aminobutyric acid (GABA) has 
been identified (7) as an active prin- 
ciple in the inhibitory substance (factor 
I) that can be extracted from the mam- 
malian brain (2). Both the extract and 
the compound have been tested, chiefly 
on the crayfish stretch receptor (1-3), 
and both diminish the depolarizing elec- 
trogenesis caused by stretch of its mech- 
ano-sensitive dendrites. GABA also ap- 
pears to augment the inhibitory postsyn- 
aptic potential of the receptor (3). On 
the dog brain, both “excitatory” and “‘in- 
hibitory” effects by GABA and other 
amino acids have been reported (4). 

The mode by which a synaptic drug 
exerts its overt effects in the central 
nervous system is often difficult to de- 
termine (5, 6). For example, although 
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strychnine and Metrazol are both classi- 
fied as “stimulants of the central nervous 
system” (7), only the latter is truly a 
synaptic excitant (6). The overt excita- 
tory activity produced by strychnine is 
caused by selective blockade of inhibi- 
tory synapses. Methods, developed in 
this laboratory, that can distinguish the 
modes of action of synaptic drugs have 
been used to analyze the effects of 
GABA in the mammalian central nerv- 


ous system. 








us 20 MSEC 


Fig. 1. Effects of GABA on postsynaptic 
potentials evoked in cerebral and cerehel- 
lar cortex of cat by surface electric stim- 
uli. The stimuli were 0.1 msec square 
pulses, applied through a pair of closely 
spaced 100-u silver wires, Teflon-insulated 
except at their cross sections, which rested 
lightly on the cortical surface. The active 
recording electrode was a silver ball about 
1 mm distant from the stimulating elec- 
trodes. (A) Surface-negative responses in 
cerebral cortex (suprasylvian gyrus) shown 
on upper cathode-ray oscillograph traces: 
1-5, lower trace, simultaneously registered 
the activity recorded with a 100-y wire 
electrode, insulated except at the tip; 1 and 
2, responses before application of GABA; 
1, both recording electrodes on surface; 
2, wire inserted 0.4 mm below the sur- 
face. In 3-5, recording conditions were as 
in 2; 3, reversal of surface negativity de- 
veloping 20 sec after application of GABA 
to the region of the electrodes (3 drops, 
10° w/v) ; 4, 30 sec later, full reversal; 5, 
1 min after flushing the cortex with saline 
solution; 6, superimposed dendritic re- 
sponses recorded from the surface before 
and after applying GABA, showing rela- 
tive time relations. (B) Upper trace, from 
cerebral; lower trace, from cerebellar cor- 
tex, simultaneous oscillographic record- 
ings: 1, surface-negative responses pro- 
duced by a stimulus to each cortical 
surface; 2, topical applications of GABA 
(5 drops, 10° w/v) to each site reversed 
the response of the cerebral activity but 
diminished and abolished that of the cere- 
bellar cortex. The cerebellar effect, block- 
ade of its excitatory axodendritic synapses, 
developed more slowly than did the action 
on the cerebral cortex; 3, recovery of both 
cortical responses 2 min after flushing with 
Ringer’s solution. 
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Injected into unanesthetized succinyl- 
choline-paralyzed cats, even in high con- 
centrations (100 mg/kg, intravenously, 
in one dose), GABA has only minimal, 
transient effects on responses evoked in 
the cerebral or cerebellar cortex by di- 
verse pathways. When applied topically, 
buffered at pH 7.4, GABA in dilutions 
of 10-5 weight for volume exerts marked 
effects on evoked cortical responses. 
Rapid, pronounced actions occur with 
application of strong solutions (Fig. 1). 
These are quickly reversible upon flush- 
ing of the cortical surface with Ringer’s 
solution, and the cycle may be repeated 
many times. 

The effects of GABA differ character- 
istically in the cerebral and cerebellar 
cortex, thereby defining one mode of its 
action. The surface-negative postsynaptic 
potentials of the apical dendrites pro- 
duced in the cerebral cortex by various 
stimuli (6) are reversed by GABA (Fig. 
1, Al-6). The consequent surface-posi- 
tivity (Fig. 1, A3, 4, 6) is almost a mir- 
ror image of the previous negativity (Fig. 
1, A6).~ This large change in surface 
potentials has no correlate anywhere be- 
low the cortical surface. The reversed 
activity, therefore, is a “standing” poten- 
tial characteristic of postsynaptic poten- 
tials (5), and the positivity induced by 
GABA represents hyperpolarizing syn- 
aptic electrogenesis of the apical den- 
drites. 

Applied to the cerebellar cortex (Fig. 
1, B1-3) GABA also eliminates the sur- 
face negative dendritic postsynaptic po- 
tentials, but does not induce positivity 

Fig. 1, B2). The difference in action at 
the two sites is ascribable to the relative 
paucity of inhibitory synapses in the cere- 
bellar cortex (6). It also indicates that 
at least one mode of action of GABA is 
to block, selectively, the electrogenesis 
of depolarizing, excitatory synapses. The 
reversal of potential observed in the cere- 
bral cortex may be accounted for as the 
disclosure of hyperpolarizing postsynap- 
tic potentials that are normally masked 
by countervailing synaptic depolariza- 
tions (6). 

Of a number of substances tested thus 
far, including various amino acids, only 
B-alanine exerts effects similar to, but 
weaker than, those of GABA, a relation- 
ship that also obtains for the crayfish 
stretch receptor (2). Cytidine and uri- 
dine, which sustain electrocortical activ- 
ity of the perfused brain (8), caused no 
marked effects. Therefore, these nucleo- 
sides probably act on metabolic proc- 
esses of the brain, not directly on synaptic 
electrogenesis. 

Picrotoxin, /-carnosine, and strychnine 
“antagonize” the effects of GABA but 
by two characteristically different modes 
(Fig. 2). Carnosine, the “excitin” of 
Hayashi (9), and picrotoxin are, like 
Metrazol, excitants of synaptic activity 





Fig. 2. Interaction of GABA with picro- 
toxin and strychnine. Simultaneously re- 
corded responses to independent stimula- 
tions of homologous points of right (upper 
trace) and left (lower trace) anterior 
suprasylvian gyrus, the cerebral hemis- 
pheres being disconnected by callosal sec- 
tion: 1, initial dendritic postsynaptic po- 
tentials; 2, 30 sec after application of 
GABA (3 drops, 10° w/v) to each side. 
Picrotoxin (2 drops of 3 x 10° w/v solu- 
tion) was then applied to right cortex and 
strychnine sulfate (2 drops of 5x 10° 
w/v) to the left; 3, 20 sec later; 4, 1 min 
later, after another application of the 
drugs; 5, 2 min later and 30 sec after 
another application of GABA. Whereas 
the effects on the strychninized (left) 
cortex were minimal, marked antagonism 
to picrotoxin is seen; 6, 15 min after re- 
peated washing of the cortex with Ringer’s 
solution. Recovery of previously inactive 
strychninized side is the more rapid, prob- 
ably denoting persistent blockade of in- 
hibitory synapses. 


and thus (5) act as competitive an- 
tagonists of GABA. Strychnine merely 
eliminates the surface positivity by 
blocking the inhibitory synapses that re- 
main after GABA has blocked the ex- 
citatory synapses. 

The foregoing experiments demon- 
strate, therefore, that GABA blocks de- 
polarizing, excitatory synaptic electro- 
genesis in the mammalian brain as it 
also blocks that of the mechanosensitive 
receptor (I/-3). The tests carried out 
thus far do not, however, preclude the 
possibility that GABA may also augment 
inhibitory postsynaptic potentials of the 
brain (J0). 

Dominick P. PurpuRaA* 
Martin Grrapo 
Harry GRUNDFESTT 
Departments of Neurological Surgery 
and Neurology, College of 
Physicians and Surgeons, 
Columbia University, New York 
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Serotonin and Histamine 
in Mast Cells 


Previous investigations have demon- 
strated the presence of heparin (1) and 
histamine (2) in mast cells of various 
animal species. Asboe-Hansen (3) has 
presented evidence that these cells also 
produce hyaluronic acid. Recently, Ben- 
ditt et al. (4) identified serotonin (5-hy- 
droxytryptamine) in mast cell suspen- 
sions prepared from peritoneal washings 
of rats and found serotonin in rat skin 
in proportion to its mast cell content. 
Similar studies by Parratt and West (5) 
suggested that much of the serotonin, as 
well as histamine, in rat skin is held in 
the mast cells. The studies of Rowley 
and Benditt (6) in rats indicate that the 
edema-producing action of agents which 
damage mast cells may be mediated by 
“release” of both of these potent amines. 

This is primarily a study of serotonin 
and histamine in mast cells of three 
animal species: mouse, dog, and man. 
Mice of the inbred strain DBA/2 and 
(BALB/c by DBA/2)F, hybrids bear- 
ing transplantable mast cell neoplasm 
P185 in subcutaneous solid tumor and 
ascitic forms (7) were made available 
for study during the 26th to 30th trans- 
fer generations. Several other reticular 
neoplasms in mice were obtained for 
assay. A first- and second-generation 
transplantable subcutaneous mast cell 
tumor of the dog was also used (8). 
Urine specimens were obtained from 
two patients with urticaria pigmentosa, 
a condition characterized histologically 
by dense accumulations of mast cells 
in the skin, In addition, a skin biopsy 
was obtained from one of these patients 
(9). Portions of skin from other patients 
were also studied. 

The. mouse tumor was composed 
chiefly of closely packed mast cells, 
whereas the dog tumor contained a con- 
siderable amount of fibrous tissue and 
a few eosinophils. Details of the dis- 
covery, technique of transplantation, and 
morphology of the mouse tumor have 
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been presented by Dunn and Potter (7). 
One of the patients with urticaria pig- 
mentosa also had skeletal involvement. 
A report of this case has been made by 
Zak, Covey, and Snodgrass (10). Chem- 
ical methods for the measurement of 
histamine, serotonin, and the serotonin 
metabolite, 5-hydroxyindoleacetic acid 
(5HIAA), were those developed previ- 
ously in this laboratory (1/). 

The serotonin and histamine levels of 
various tissues are shown in Table 1. 
The solid mast cell tumors in mice con- 
tained large amounts of both serotonin 
and histamine, while in the dog tumor 
only the histamine concentration was 
elevated. Catechol amines could not be 
detected in the mouse tumor, and paper 
chromatographic studies showed sero- 
tonin to be the only 5-hydroxyindole 
present. Skin from the patient with urti- 
caria pigmentosa contained a high level 
of histamine but insignificant amounts 
of serotonin. Measurements of urinary 
5-hydroxyindoleacetic acid in the two 
patients with urticaria pigmentosa gave 
values of 5.1 to 7.2 mg/day (normal— 
2.0 to 9.0), confirming the finding that 
human mast cells do not contain sero- 
tonin. 

It is known that carcinoid tumors, 
derived from the chromaffin cells of the 
intestinal tract, contain large amounts of 
serotonin and that patients with meta- 
static carcinoid excrete excessive amounts 
of 5-hydroxyindoleacetic acid in the 
urine (12), Recently, Waldenstrém et al. 
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Fig. 1. Effect of mast cell tumor transplan- 
tation (ascitic form) on serotonin and his- 
tamine contents of whole mice (ug/g) and 
urinary excretion of 5-hydroxyindoleacetic 
acid (ug/ml). The animals usually died 
suddenly at 14 to 16 days. 


Table 1. Serotonin and histamine content 
of various tissues. 








M ‘al Serotonin Histamine 
wii (ug/g) (ug/g) 
Tumors 
Mouse mast 
cell* 80-180 470-560 
Dog mast cell < 0:2 315, 160 
3 human 
carcinoids 360,570,800 3.4, 2.0, 0.8 
Other mouse 
tumorst < U2 Sl 
Human skin 
Urticaria 
pigmentosa < 0.25 44 
3 normals < 0.7 4.7, 5.4, 5.0 





* Several assays were done on pooled solid tumor 
specimens from a total of 20 DBA/2 mice. 

+ Several transplantable tumors (transfer genera- 
tion indicated in parenthesis) were analyzed. In 
strain DBA/2: one type-A reticulum cell sarcoma, 
P228 (39) and one type-B, P195 (19), two lym- 
phocytic, P228 (90) and P388 (63), and one 
granulocytic, P1081 (3); in strain C57BL: one 
lymphocytic, P1162 (5); in strain C3H: one well- 
differentiated plasma cell neoplasm, X5563 (8). 
A somewhat elevated amount of serotonin (22 
ug/g) was found in a pooled sample of four poorly 
differentiated plasma cell neoplasms, 70429 (36) in 
strain C3H. 


(13) reported an elevated urinary excre- 
tion of histamine in some of these pa- 
tients and suggested the possibilities that 
some tumors might produce both sero- 
tonin and histamine or that the sero- 
tonin produced might liberate histamine 
from other tissues. Three carcinoid tu- 
mors were found to contain the usual 
large amount of serotonin but only a 
small amount of histamine (Table 1). 
If this is characteristic of all carcinoid 
tumors, then the increased histamine ex- 
cretion by carcinoid patients must be a 
secondary phenomenon. 

The increased production of serotonin 
and histamine in tumor-bearing mice 
was studied in two ways. First, a group 
of 16 mice, (BALB/c by DBA/2)F,, 
were placed in a metabolism cage after 
intraperitoneal injection of tumor cells, 
and urine was collected for assay for 
5-hydroxyindoleacetic, acid. Control val- 
ues were obtained on a group of eight 
nontumor mice of the same strain, which 
were studied for 2 weeks. Second, sero- 
tonin and histamine assays were done on 
homogenates of pairs of whole mice at 
various intervals after tumor transplan- 
tation. The results, shown in Fig. 1, in- 
dicate that there was a marked produc- 
tion of both substances in association 
with growth of tumor. A simple test for 
excretion of excessive amounts of urinary 
5-hydroxyindoles, useful in the clinical 
diagnosis of carcinoid, (14), also became 
positive in the tumor-bearing mice. 

Assuming that the abnormal mast cells 
in the three species studied produce sero- 
tonin or histamine, or both, in a manner 
comparable to that of normal mast cells, 
a marked species variation is clearly 
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shown. It is well to bear this in mind 
when one attempts to relate results of 
animal experimentation to human physi- 
ology. It will be of interest to compare 
the cellular catalysts of serotonin- and 
nonserotonin-containing mast cells (15). 
A. SJOERDSMA 
T. P. WaaLKEs 
H. WetssBacH 
Clinic of General Medicine and 
Experimental Therapeutics and 
Laboratory of Clinical Biochemistry, 
National Heart Institute, 
Bethesda, Maryland 
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Changes of Body Weight in Normal 
Men Who Stop Smoking Cigarettes 


The role of overweight and obesity in 
the development of so-called degenera- 
tive diseases (1) and, consequently, the 
factors that affect body weight continue 
to be of interest. 

We are all familiar with the occasional 
large gains in weight among men who 
stop smoking. Surprisingly enough, the 
phenomenon of weight change following 
a break in a lifelong pattern of smoking, 
which is not associated with intercurrent 
illness or a medically supervised dietary 
regimen designed to reduce or to increase 
body weight (2), has not been studied 
systematically. One reason for the ab- 
sence of such information is the fact 
that longitudinal investigations on the 
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“normal” adult man are difficult to 
carry out. 

This study (3) was undertaken within 
the wider framework of researches on 
aging, focused on factors that are as- 
sociated with the development of “de- 
generative” (noninfectious, noncongeni- 
tal) heart disease and carried on in 
the Laboratory of Physiological Hy- 
giene, University of Minnesota, since 
1947. A group of approximately 300 busi- 
ness and professional men, examined at 
yearly intervals, serve as subjects. The 
laboratory staff refrains from giving ad- 
vice to them, but findings indicative of 
the presence of disease are reported to 
their personal physicians. We wish to 
study the effects of the differences in the 
mode of life. 

The “experimental” subjects are men 
who voluntarily stopped smoking ciga- 
rettes and on whom weight data are 
available for 2 years before and 2 years 
after the year in which they stopped 
smoking. A control group was obtained 
by selecting men who did not stop smok- 
ing and were matched in age, relative 
body weight (actual weight expressed as 
a percentage of “standard” weight for 
sex, age, and height), and actual body 
weight at the beginning of the first year 
of the 5-year period, without reference 
to weight trends during the rest of the 
period. The means and standard devia- 
tions and the t-tests of significance of the 
differences between means of the experi- 
mental and the control groups, respec- 
tively, were 49.844.2 and 51.2+3.5 
years (¢ = 1.20, nonsignificant) for age; 
97.5 + 11.9 and 97.7 +11.2 (¢ = 0.05, non- 
significant) for relative body weight; 
and 75.8 + 9.2 and 75.8+9.2 kg for abso- 
lute body weight. Thus, at the outset, 
the two groups did not differ significantly 
in respect to any of the three criteria 
that were considered for matching. Both 
groups represent “normal,” middle-aged 
men, with body weight close to their age 
standard. The intensity and total dura- 
ion of smoking were similar. 

Longitudinal observations on smoking 
and body weight are summarized in 
Table 1. Using the average weights 
for years 1 and 2, and for years 4 and 5, 
we obtained, in the control group, a 
small (1.1 Ib), statistically nonsignificant 
decrement while, in the experimental 
group, there was a substantial (8.2 
Ib), statistically highly significant rise. 
The respective t-values refer to t-tests 
for paired varieties; with (N-1), that 
is, 20 degrees of freedom, the refer- 
ence value ty 99; = 3.850. On comparing 
the mean difference between the change 
in the experimental and matched group, 
we obtain a net difference of 4.23 kg 

(9.3 Ib), which is also statistically highly 
significant; in this case the t-tests were 
calculated for unpaired variates, with 


Table 1. Mean weights, weight changes, 
and differences in weight change between 
the two groups. 








Experi- Con- 
Item mental trol 
group group 
Weight (kg) for 
years 1 plus2 76.05 76.36 
Weight (kg) for 
years4plus5 79.78 75.86 
Weight change 
Mean + 3.73 - 0.50 
Standard 
deviation + 1.94 + 3.03 
t within group 5.65* 1.18 


Weight change 


difference (kg) 4.23 
Weight change 

difference, t 

between groups 5.36" 





* Statistically highly significant. 


2(N-1), that is, 40 degrees of freedom. 
The corresponding to 99; = 3.551. 

It should be emphasized that both 
our groups consisted of essentially “nor- 
mal” men. We have not included several 
individuals who stopped smoking be- 
cause of intercurrent coronary heart dis- 
ease or in whom a rigorous dietary (re- 
ducing) regimen, together with termina- 
tion of smoking on medical orders, was 
a part of therapy. 

The present data provide information 
on interindividual variability in the 
weight gain, its average amount, and its 
statistical significance. The question of 
permanence of the gain beyond 2 years 
remains open. While the evidence con- 
cerning the effect on body weight of stop- 
ping cigarette smoking is convincing, no 
simple and definite interpretation of the 
phenomenon can be offered. Experimen- 
tal observations on the inhibition of 
gastric hunger contractions by smoking 
(4) and the increase in tobacco con- 
sumption among individuals who are 
maintained on reduced calorie intake 
(5) suggest that smoking tends to de- 
press the felt need for food. 

J. Brozex 
A. Keys 
Laboratory of Physiological Hygiene, 
School of Public Health, 
University of Minnesota, Minneapolis 
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Book Reviews 


Optics. Bruno Rossi. Addison-Wesley, 
Reading, Mass., 1957. 510 pp. Illus. 
$8.50. 


This is a textbook for the advanced 
undergraduate student. A familiarity 
with the calculus is assumed, and some 
simple differential equations are devel- 
oped and solved. 

By basing the book on the wave model 
of light, Rossi has achieved a high de- 
gree of logical unity and consistency. 
Huygens’ principle is discussed in un- 
usually great detail in the first chapter, 
where it is shown that rectilinear propa- 
gation follows logically from a consider- 
ation of light waves as pulses of short 
duration. With this foundation, the sub- 
ject of geometric optics is developed in 
the second chapter. The wave model is 
extended from pulses to sinusoidal waves 
in the third and fourth chapters, which 
deal with interference and diffraction. 
The transverse nature of the waves is 
introduced in the sixth chapter, to ac- 
count for polarization and double refrac- 
tion. In the seventh chapter, light waves 
are identified as electromagnetic waves, 
and Maxwell’s theory is developed. The 
optical properties of matter are inter- 
preted in the eighth chapter, by con- 
sidering interactions between electro- 
magnetic waves and atomic oscillators. 
This theory is entirely classical, with no 
discussion of the quantum-mechanical 
treatment and its results. The final chap- 
ter reveals the limitations of classical 
theory and illustrates the complemen- 
tary character of waves and particles in 
the theory of light. 

The strength of this book is its logical 
and rigorous development of the conse- 
quences of the classical wave model of 
light. A weakness, as a textbook, is its 
beginning with a chapter that will be 
difficult for the student. Another obvious 
weakness is that there is no recognition 
of quantum theory until the very end of 
the book. 

The problems that are associated with 
each chapter are an important extension 
of the text material. They often disclose 
practical applications of the preceding 
theory; for example, low-reflectance 
films and interference filters are not dis- 
cussed in the text but are assigned as 


1204 


problems. Such topics are often not 
listed in the index. 

Some conspicuous 
Abbe’s sine law, the theory of stops, 
aberrations of optical systems, a criti- 
cism of the Fresnel-Kirchhoff theory of 
diffraction, and radiation theory. On the 
other hand, noteworthy inclusions are 
Abbe’s theory of image formation, the 
phase-contrast microscope, a very good 
treatment of mechanical waves, and a 
development of the electromagnetic field 
of a moving charge. Chapter 9, on light 
quanta, is excellent. 

The many line drawings are well 
done, but the halftones are flat and 
muddy. There are very few errors. The 
book is a very well-written and scholarly 
work and is an important addition to 
optical literature. 


omissions are 


JosepH VALASEK 
University of Minnesota 


Advances in Food Research. vol. VII. 
E. M. Mrak and G., F. Stewart, Eds. 
Academic Press, New York, 1957. 404 
pp. Illus. $8.50. 


Volume VII of Advances in Food Re- 
search contains seven articles, each con- 
cerned with a facet of research in food 
processing. 

Three of the contributions deal with 
specific food products. Fish spoilage and 
preservation is discussed by Yukio Tomi- 
yasu and Buhei Zenitani. The authors 
render a service in that much of the ma- 
terial reviewed in the section is Japanese 
and, according to the editors, has not 
been generally available outside of Japan. 
Under the title “Gelatin,” Bernard Idson 
and Emory Braswell describe the tech- 
nology of gelatin manufacture, the chem- 
ical and physical properties of gelatin 
and collagen, and some applications of 
gelatin in the food, pharmaceutical, and 
industrial fields. C. Nieman presents, in 
a similar article, the technology of lico- 
rice manufacture and the chemistry and 
pharmacology of licorice and some of its 
components, 

Three of the articles are concerned 
with problems that are encountered in 
food processing and marketing in gen- 


eral. The discussion of “Water relations 
of food spoilage microorganisms,” by W. 
J. Scott, reviews some basic physical and 
biological concepts of these relations, the 
information on water requirements for 
growth of the organisms, and applica- 
tions of knowledge of the relations in 
food preservation. Walter A. Mercer and 
Ira I, Somers describe the use of chlo- 
rine in sanitation of food-processing 
plants. The history of the use of chlorine, 
the technology of application, and the 
effects of chlorine in plant sanitation are 
discussed. Jean F. Caul’s article, “The 
profile method of flavor analysis,” re- 
counts the development of this method 
of analyzing and classifying flavor. The 
selection and training of panels and their 
procedure in developing “flavor profiles” 
are described. 

The seventh article, “Freeze-drying of 
food products,” by J. C. Harper and A. 
L. Tappel, describes in detail the status 
of development and the fundamentals of 
the freeze-drying process. The authors 
discuss methods and equipment used in 
freeze-drying as well as present and pros- 
pective applications of the process. The 
process is, essentially, still in the research 
stage of development. Areas in which 
additiona! research is needed are listed. 

Each of the articles includes an exten- 
sive bibliography, and the volume con- 
tains author and subject indexes. 

The purpose of a work of this kind is, 
of course, to bring together information 
for the use, primarily, of persons in the 
specified field of endeavor. If the infor- 
mation available is adequately reviewed 
and is set forth in usable form, as it 
seems to be in the present case, the ob- 
jective of the volume has been attained. 
The reader, however, might wish for 
improvement in literary style in some of 
the articles in this volume. At the least, 
such improvement would add to the 
pleasure with which the material is read. 
In some cases, the ease and perhaps the 
accuracy with which the information 1s 
transmitted to the reader would be en- 
hanced. 

Pau E. JoHNsoN 
Food Protection Committee, 
National Research Council 


Science and Economic Development: 
New Patterns of Living. Richard L. 
Meirer. Technology Press, Cambridge; 
Wiley, New York; Chapman and Hall, 
London, 1956. 266 pp. $6. 


Although the present world scene is 
overshadowed by political tensions and 
their economic and strategic concomi- 
tants, much greater concern should be 
felt about the ever-widening gap between 
the rapid progress of contemporary sci- 
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ence and the almost stationary status of 
social and educational institutions. This 
is especially true in the underdeveloped 
countries of the world, which will soon 
find themselves confronted with patterns 
of life to which they will be able to ad- 
just only by a slow process of undis- 
turbed development. 

Most writers dealing with this grave 
problem of our time approach it from 
one of two diametrically opposite angles: 
they picture, in extravagant terms, the 
enormous possibilities which modern sci- 
ence and technology offer for the mate- 
rial benefit of mankind, with scant at- 
tention to man himself, or they envision 
economic and social utopias which are 
more the product of wishful thinking 
than of a realistic appraisal of techno- 
logic opportunities and social possibili- 
ties. 

While both groups fail to give an inte- 
grated picture of the impact of modern 
science and technology on the social, psy- 
chological, and moral behavior of man 
as an individuum and a part of the com- 
munity, R. L. Meirer draws from his 
large fund of knowledge in both the nat- 
ural and the social sciences to give us a 
refreshing and provocative appraisal of 
the most probable course of events, con- 
sidering both technologic and social fac- 
tors. As a scholar trained in the exact 
sciences, he starts, naturally enough, with 
a sound attempt to quantify material hu- 
man needs and world resources. He does 
not ignore spiritual requirements but 
does not complicate the picture by irra- 
tional and imponderable factors. Some 
agreement exists among scientists con- 
cerning an adequate level of living, and 
human needs can be expressed quanti- 
tatively in terms of nutrients, water, 
fiber, energy, and construction material. 
Estimates can be made of the availability 
of the world’s renewable resources under 
conservative application of present agri- 
cultural, forestry, and fishery practices, 
and the probable reserves of nonrenew- 
able resources will permit some extra- 
polations, provided that some minor re- 
sources such as uranium or titanium do 
not suddenly become major ones. 

Where we reach the field of conjec- 
ture—namely, in the application of very 
recent discoveries in the physical and 
biological sciences to more efficient re- 
source management—we find the book 
at its best, for it is always scientifically 
exact, technically sound, and directed 
toward a world as it is and not as it ought 
to be. Whether the author speaks about 
the protein problem, which he correctly 
considers the most fundamental in hu- 
man nutrition, or of opportunities for ex- 
panding the protein supply by better 
utilization of marine resources, piscicul- 
ture in fresh waters, or growing of algae 
and other microorganisms, he always re- 


14 JUNE 1957 


mains within the domain of proved sci- 
entific facts and technical experience. In 
one respect only could he have enlarged 
his exposition of maximal resource ex- 
ploitation—that is, in the field of wild 
terrestrial vegetation, of which man uses 
only about 0.2 percent. There is no rea- 
son why the vast catabolism of organic 
matter, through bacterial and fungal 
decomposition (especially in the rain- 
soaked forests of the tropics and sub- 
tropics), could not be channeled toward 
an orderly degradation into useful prod- 
ucts without impairing the cycle of nu- 
trient metabolism in nature. 

In the chapter on new fuels, the au- 
thor deals lucidly with the utilization of 
solar energy, biological photosynthesis, 
nonbiological photosynthesis, and water- 
and wind-power as well as with utiliza- 
tion of atomic energy. He estimates the 
fossil fuel'supply at 3 x 1079 calories. The 
yield of other energy sources, especially 
that of the “big unknown,” atomic en- 
ergy, cannot even be conjectured. There 
is no question that energy requirements 
for food, transportation, thermal com- 
fort, and industry, especially in some 
newer metal-reduction processes, will in- 
crease rapidly, but so also will man’s 
efficiency in utilizing energy. 

In the most fascinating chapter of the 
book, Meirer tries to appraise the impact 
of this enormous expansion of human 
knowledge and productive capacity on 
the structure of society and the patterns 
of living. True scientist that he is, he 
meets this difficult problem objectively, 
without political bias or preconceived 
opinions. He realizes that the economi- 
cally underdeveloped countries are not 
only suffering from overpopulation, or 
rather underemployment, but are con- 
tinuously caught in a vicious economic 
cycle. Because of the low income-level, 
the people have a tendency to consume 
all their earnings and are unable to 
save. This naturally inhibits formation 
of domestic capital. Since low income 
is largely due to shortage of capital, the 
economy remains depressed. This lack 
of capital is the main factor in the ever- 
widening gap between scientific discov- 
eries and their application. Only by way 
of international cooperation between the 
capital-rich and the capital-poor nations 
can satisfactory development of the 
world be brought about, and eventual 
disaster averted. However, such cooper- 
ation should be administered so as to 
leave the greatest possible freedom of 
self-expression and development of spiri- 
tual values to less advanced peoples. 

All in all, this is an excellent book, 
written by a man who, as a chemist and 
physicist (University of California) and 
as an economist (Manchester School of 
Economic and Social Studies), is on 
good speaking terms with both natural 


and social scientists. While the former 
have lately become concerned with the 
consequences of their scientific research 
and discoveries, the latter are paying 
more and more attention to the dynam- 
ics of social and economic developments 
(especially in the less developed areas of 
the world), brought about by the prog- 
ress and the application of science and 
technology. To both, the book is highly 
recommended. 

Francis J. WEIssS 
U. S. Operations Mission to Nicaragua 


The Organization of the Cerebral Cor- 
tex. D. A. Sholl. Methuen, London; 
Wiley, New York, 1956. 125 pp. Illus. 
$4.25. 


The Organization of the Cerebral Cor- 
tex is a summary of some interesting ana- 
tomical studies on the cerebral cortex. 
The point of view is that of quantita- 
tive cytological neuroanatomy. D. A. 
Sholl has some interesting data, from 
extensive silver preparations, on the dis- 
tribution and extent of dendritic branch- 
ings. He attempts to relate these data to 
a theory of cortical activity based on con- 
nectivity and critical thresholds for ex- 
citation. 

This theory has succeeded in mimick- 
ing one kind of cortical activity—that is, 
the slow spread of certain spontaneous 
figures of electric activity under deep 
Nembutal anesthesia. Such kinds of cor- 
tical activity may be confined to states 
of anesthesia, sleep, toxicity, and epilep- 
tic seizures. However, it may be that such 
mechanisms exist, operate, and are 
masked in the case of unanesthetized 
cortex that is bombarded by nonsyn- 
chronized activities. 

The illustrations are excellent, and 
the bibliography is useful. 

Joun C. Litty 
National Institute of Mental Health, 
National Institutes of Health 


Structure Reports for 1940-1941. vol. 8. 
A. J. C. Wilson, Ed. Published for the 
International Union of Crystallogra- 
phy. Oosthoek, Utrecht, Netherlands, 
1956. 383 pp. Fl. 80. 


The publication of Structure Reports 
for 1940-1941 completes the coverage 
of all essential molecular structure infor- 
mation for solids, liquids, and gases ob- 
tained during the period 1913-50 and 
published in Structurbericht, volumes 
1-7 (1913-39), and Structure Reports, 
volumes 8-13 (1940-50). The data for 
1952 are now being assembled, and those 
for 1951 are presumably in press. This 


1205 





is work of inestimable value to crystal- 
lographers, mineralogists, metallurgists, 
chemists, solid-state physicists, and all 
who are concerned with studying the 
structure of matter. It is an ever-increas- 
ing, monumental task, and the editors 
and reporters are to be congratulated on 
having maintained, in this volume, the 
high standard of accurate and critical re- 
porting that has come to be associated 
with Structure Reports. 

In contemplating the series as it now 
stands, three questions come to mind. 
First, should an effort be made to in- 
crease the rate of production beyond one 
volume a year in order to bring the series 
up to date? Second, in view of the in- 
evitable increase in size and cost of sub- 
sequent volumes, should the price be re- 
duced to maintain a wide distribution 
and to enable private subscribers to con- 
tinue their support? Third, is the time 
ripe to revise the rationalization of crys- 
tal structure types that was given in vol- 
umes 1, 2, and 3? In my opinion, the 
answer to all three questions is definitely 
in the affirmative. It is, however, a re- 
markable tribute to the original com- 
pilers that the descriptions of structure 
types in volumes 1 and 2 of Structur- 
bericht are still very useful and in so 
many respects have stood the test of 
time. 

It may very well be that these objec- 
tives could be achieved only by means 
of a considerable financial subsidy. If 
this is so, I take this opportunity to urge 
the International Union of Crystallog- 
raphy to seek such funds as are necessary 
to project into the future this indis- 
pensable means of coping with the in- 
creasing multiplicity of scientific papers. 

G. A. JEFFREY 
University of Pittsburgh 


Handbuch der Physik. vol. XXXIII, 
Optics of Corpuscles. S. Fliigge, Ed. 
Springer, Berlin, 1956. 702 pp. DM. 
122.50. 


Optics of Corpuscles, volume XXXIII 
of the new edition of the famous Hand- 
buch der Physik, originally edited by 
Geiger and Scheel, deals with subject 
matter which, in the original “blue” 
Handbuch, covered a small space and 
was treated in different sections. It deals 
with methods and instruments that are 
based on the action of electric and mag- 
netic fields on moving, electrically 
charged particles. These fields, when 
properly shaped, have deviating and 
focusing effects on charged particles in 
motion, as have lenses, mirrors, and 
prisms on light rays. All instruments 
that are based on this action of electric 
and magnetic fields are treated in this 
volume, and this leads to an arrange- 
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ment of articles which, at first glance, 
appears to be peculiar. However, under 
the aspect of electron and ion optics, 
they are tied together in a natural way. 

The arrangement of the different chap- 
ters appears as an analog to that ex- 
pected in a treatment of instruments in 
light optics, in which a natural sequence 
would be formed by the discussion of 
light sources, the general theory of image 
formation on the basis of geometric op- 
tics, followed by a digression into wave 
optics in connection with a discussion of 
resolving power of instruments in gen- 
eral. This would be followed by the 
treatment of optical instruments, includ- 
ing microscopes and spectroscopes. This 
logical sequence is followed, in the pres- 
ent volume, with articles on electron and 
ion sources, electron and ion optics, elec- 
tron microscopes, mass _ spectroscopes, 
and finally beta-ray spectroscopes. 

The first article, by Detlev Kamke 
(Germany ), is restricted mainly to elec- 
tron and ion sources which are of im- 
portance for the subsequent contribu- 
tions of this volume. Ion sources used in 
accelerators are not included; discussion 
of these is reserved for volume XLIX. 
This article is of a technical nature, and 
nearly two-thirds of the space is used for 
description of the different electron and 
ion guns, 

The contribution on electron and ion 
optics by W. Glaser (Austria), is written 
by a first-rate expert in this field. More 
than one-third of the whole volume is 
devoted to this fundamentally important 
topic. The presentation excels in clarity 
and conciseness. One of the eight chap- 
ters is devoted to a discussion of image 
formation on the basis of wave me- 
chanics. 

The article on electron microscopes, 
written by S. Leisegang (Germany), 
gives, in about 150 pages, a thorough 
and attractive treatment of the funda- 
mental aspects, a clear presentation of 
the different commercially available in- 
struments, and a discussion of theoretical 
and practical limitations of electron mi- 
croscopy. 

A vivid account of the historical de- 
velopment and of the present state of 
mass spectroscopy is presented by H. 
Ewald (Germany) in his contribution 
entitled “Mass spectroscopic apparatus.” 
All important types are described, and 
the discussion of their performance is 
elucidated by excellent reproductions of 
mass spectrograms. 

The final section, on beta-ray spectro- 
scopes, is written by T. R. Gerholm 
(Sweden) and is the only article of the 
volume written in English. It deals 
mainly with the instrumentation for the 
study of nuclear disintegration and nu- 
clear structure. (An extensive theoreti- 
cal and experimental treatment of beta- 
ray spectroscopy is to be included in vol- 


umes XLI, XLII, and XLV of this en- 
cyclopedia.) After a brief historical 
survey, the fundamental principles are 
discussed, and a treatment of the dif- 
ferent instruments is given. This contains 
also a critical comparison of the different 
types. Two subsequent chapters are de- 
voted to high-precision beta- and 
gamma-ray spectroscopic technique as it 
is applied to gamma-ray spectroscopy. 
An appendix contains a six-figure table 
for conversion of Bp-values (electron mo- 
mentum values) into electron energies, 
and vice versa, and covers the range 
from 0.9 kev to about 30 Mev. 

Each section of the volume closes with 
a bibliography, which, in general, covers 
the years up to 1954 and, in some cases, 
to 1955. These same years are covered 
by the numerous references given in the 
text. 

Layout, printing, and especially the 
numerous illustrations are of excellent 
quality. The only weak point is the in- 
adequacy of the subject index, which is 
given in German-English and English- 
German. An encyclopedia of this type is 
intended to serve not only as a source of 
detailed information but also as a book 
of reference, and for the latter purpose 
the index should comprise many more 
entries than those that are given in the 
present volume. It would be better to 
have one complete index in one lan- 
guage than two deficient ones in two 
languages. 

K. W. MEISSNER 
Purdue University 


Heterocyclic Compounds, vol. 5, Five- 
Membered Heterocycles Containing 
Two Hetero Atoms and Their Benzo 
Derivatives. Robert C. Elderfield, Ed. 
Wiley, New York; Chapman and Hall, 
London, 1957. 744 pp. Illus. $20. 


These treatises on heterocyclic com- 
pounds constitute a real service to or- 
ganic chemists, biochemists, and phar- 
macologists, since the authors have 
brought together information that is 
spread through hundreds of journals 
and books. The mass of material has 


’ been so well organized that future inves- 


tigators will be saved the time and labor 
of doing it individually. 

There are eight chapters in volume 5: 
“*1,3-Dioxolane and its derivatives” (44 
pages), by R. C, Elderfield and F. W. 
Short (1,2-Dioxolanes, which are essen- 
tially cyclic peroxides, are omitted, and 
1,4-dioxanes are treated in volume 6); 
“Pyrazoles and related compounds” 
(117 pages), by T. L. Jacobs; “Inda- 
zoles” (32 pages), by Elderfield; “Imida- 
zoles and condensed imidazoles” (104 
pages), by E. S. Schipper and A. R. Day; 
“Oxazole and its derivatives” (120 
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pages), by J. W. Cornforth; “Benzoxa- 
zoles and related systems” (34 pages), 
also by Cornforth; “Isoxazoles” (32 
pages), by R. A. Barnes; and “Thiazoles 
and benzothiazoles” (239 pages), by J. 
M. Sprague and A. H. Land. The pages 
are an index of the extent of the research 
work that has been reported on each of 
these ring systems. 

Each chapter has an individual table 
of contents. The nomenclature and num- 
bering scheme for each heterocyclic sys- 
tem are given, followed by discussions 
of structure, tautomerism, and resonance. 
The important syntheses, reactions, and 
physical and pharmacological properties 
are then treated in a critical fashion. 

The authors and editor have done an 
excellent job of covering the literature 
and of organizing the material. The 
book is well printed and remarkably free 
from errors. An expanded general in- 
dex assists greatly in locating specific 
topics. The book can be recommended to 
all scientists who are in need of an up- 
to-date survey of these heterocyclic ring 
systems. 

Ratpex L. SHRINER 
University of Iowa 


New Books 


Alcoholism. Basic aspects and treat- 
ment. A symposium held under the aus- 
pices of the American Association for the 
Advancement of Science in cooperation 
with the American Psychiatric Association 
and the American Physiological Society 
and presented at the Atlanta, Ga., meet- 
ing, 27-28 Dec. 1955. AAAS Publ. No. 
47. Harold E. Himwich, Ed. American 
Association for the Advancement of Sci- 
ence, Washington, D.C., 1957. 212 pp. 


” Members, $5; nonmembers, $5.75. 


Selected Papers in Statistics and Proba- 
bility by Abraham Wald. Edited for the 
Institute of Mathematical Statistics. T. W. 
Anderson, committee chairman. Stanford 
University Press, Stanford, Calif., 1957 
(copyright 1955, McGraw-Hill, New 
York). 711 pp. $10. 

Laboratory Glass-Working for Scien- 
tists. A. J. B. Robertson, D. J. Fabian, A. 
J. Crocker, and J. Dewing. Academic 
Press, New York; Butterworths, London, 
1957. 198 pp. $4. 

Botany. Carl L. Wilson and Walter E. 
Loomis. Dryden, New York, rev. ed., 1957. 
528 pp. $7.25. 

Genus Pentremites and Its Species. Ge- 
ological Society of America memoir 69. J. 
J. Galloway and Harold V. Kaska. Geo- 
logical Society of America, New York, 
1957. 113 pp. 

The Structure of Nucleic Acids and 
Their Role in Protein Synthesis. Biochem- 
ical Society symposium No. 14 held at the 
London School of Hygiene and Tropical 
Medicine, 18 Feb. 1956. E. M. Crook, Ed. 
Cambridge University Press, Cambridge, 
England, 1957 (order from Cambridge 
University Press, New York 22). 74 pp. 
$3.75. 
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Parthenogenesis and Polyploidy in 
Mammalian Development. R. A. Beatty. 
Cambridge University Press, Cambridge, 
England, 1957 (order from Cambridge 
University Press, New York 22). 143 pp. 
$3. 

Russian-English Atomic Dictionary. Eu- 
gene A. Carpovich. Technical Dictionaries 
Co., Box 144, New York 31, N.Y. 317 pp. 
$12. 

Voluntary Health Insurance in Two 
Cities. A survey of subscriber-households. 
Odin W. Anderson, research director, 
Health Information Foundation, and the 
staff of the National Opinion Research 
Center. Harvard University Press, Cam- 
bridge, Mass., 1957. 158 pp. $5. 

Bioenergetics. Albert Szent-Gyérgyi. 
Academic Press, New York, 1957. 153 pp. 
$4.50. 

Frequency Modulation Receivers. J. D. 
Jones. Philosophical Library, New York, 
1957. 123 pp. $6. 

V.H.F. Television Tuners. D. H. Fisher. 
Philosophical Library, New York, 1957. 
143 pp. $6. 

Energetics in Biochemical Reactions. 
Irving M. Klotz. Academic Press, New 
York, 1957. 71 pp. $3. 

Zoology. Alfred M. Elliott. Appleton- 
Century-Crofts, New York, ed. 2, 1957. 
746 pp. $7. 

Biology. Claude A. Villee. Saunders, 
Philadelphia, 1957. 635 pp. 

A Textbook of Histology. Alexander A. 
Maximow and William Bloom. Saunders, 
Philadelphia, ed. 7, 1957. 628 pp. 

Exploring with Your Microscope. Julian 
D. Corrington. McGraw-Hill, New York, 
1957. 235 pp. $4.95. 

The Psychology of Careers. An intro- 
duction to vocational development. Don- 
ald E. Super. Harper, New York, 1957. 
372 pp. $5.75. 

Clinical Toxicology of Commercial 
Products. Acute poisoning (home and 
farm). Marion N. Gleason, Robert E. 
Gosselin, and Harold C. Hodge. Williams 
& Wilkins, Baltimore, Md., 1957. 1160 
pp. $16. 

Physical Science for Liberal Arts Stu- 
dents. Hugo N. Swenson and J. Edmund 
Woods. Wiley, New York; Chapman & 
Hall, London, 1957. 333 pp. $6.50. 

Chromatography, a Review of Prin- 
ciples and Applications. Edgar Lederer 
and Michael Lederer. Elsevier, Amster- 
dam, ed. 2, 1957 (distributed by Van Nos- 
trand, Princeton, N.J.). 731 pp. $12.75. 

Technology and Social Change. Francis 
R. Allen, Hornell Hart, Delbert C. Miller, 
William F. Ogburn, and Meyer F. Nim- 
koff. Appleton-Century-Croft, New York, 
1957. 529 pp. $7. 

The Temple of Jerusalem. Studies in 
Biblical archaeology No. 5. Translated by 
B. E. Hooke. Andre Parrot. Philosophical 
Library, New York, 1955. 112 pp. $2.75. 

Vector Analysis. Louis Brand. Wiley, 
New York; Chapman & Hall, London, 
1957. 295 pp. $6. 

Experimental Research on Ageing. Sym- 
posium of the Biological and Medical Re- 
search Committee of the International 
Gerontological Association’s European 
Section. Basel, 4-7 Apr. 1956. F. Verzar, 
Ed. Birkhauser, Basel, 1956. 290 pp. F. 34. 


Thermodynamics, an Advanced Treat- 
ment for Chemists and Physicists. E. A. 
Guggenheim. North-Holland, Amsterdam, 
ed. 3, 1957. 476 pp. $9.75. 

Galactic Nebulae and Interstellar Mat- 
ter. Jean Dufay. Translated by A. J. Pom- 
erans. Philosophical Library, New York, 
1957. 352 pp. $15. 

Die Periphere Innervation. Emil Vil- 
liger. Benno Schawbe, Basel, 1957 (order 
from Intercontinental Medical Book 
Corp., New York 16). 210 pp. $5. 

Cytology and Cytogenetics. Carl P. 
Swanson. Prentice-Hall, Englewood Cliffs, 
N.J., 1957. 596 pp. $13.35. 

Insight, a Study of Human Understand- 
ing. Bernard J. F. Lonergan. Philosophi- 
cal Library, New York, 1957. 815 pp. $10. 

Science and Human Life. J. A. V. But- 
ler. Basic Books, New York, 1957. 172 pp. 
$3.95. 

Elastic Waves in Layered Media. La- 
mont Geological Observatory contribution 
No. 189. W. Maurice Ewing, Wenceslas S. 
Jardetzky, and Frank Press. McGraw-Hill, 
New York, 1957. 391 pp. $10. 

Light, Vegetation and Chlorophyll. J. 
Terrien, G. Truffaut, and J. Carles. Trans- 
lated by Madge E. Thompson. Philosophi- 
cal Library, New York, 1957. 228 pp. $6. 

BCG Vaccination against Tuberculosis. 
Sol. R. Rosenthal. With sections by Ca- 
mille Guerin, Bernard Weill-Halle, and 
Arvid Wallgren. Little, Brown, Boston, 
1957. 389 pp. $7.50. 

Microbial Ecology. Seventh symposium 
of the Society for General Microbiology 
held at the Royal Institution, London, 
Apr. 1957. Cambridge University Press, 
Cambridge, England, 1957. 396 pp. $6.50. 

Glacial and Pleistocene Geology. Rich- 
ard F. Flint. Wiley, New York; Chapman 
& Hall, London, 1957. 566 pp. $12.50. 

Essays in Metabolism. The John Pun- 
nett Peters number of the Yale Journal of 
Biology and Medicine. Louis G. Welt, Ed. 
Little, Brown, Boston, 1957. 207 pp. $6.50. 

Bibliography of Parapsychology. Com- 
piled by George Zorab. Parapsychology 
Foundation, New York, 1957. 127 pp. 

Proceedings of Four Conferences of 
Parapsychological Studies. Parapsychology 
Foundation, New York, 1957. 180 pp. 

Principles of Epidemiology. Ian Tay- 
lor and John Knowelden. Little, Brown, 
Boston, 1957. 307 pp. $9. 

Ordovician Trilobites of Argentina. 
Special publ. 1, Department of Geology, 
University of Kansas. Horacio J. Harring- 
ton and Armando F. Leanza. University 
of Kansas Press, Lawrence, 1957. 276 pp. 
$6. 

The Inheritance of Coat Color in Dogs. 
Clarence C. Little. Cornell University 
Press, Ithaca, N.Y., 1957. 194 pp. $4. 

A Short Dictionary of Mathematics. C. 
H. McDowell. Philosophical Library, New 
York, 1957. 76 pp. $2.75. 

Radiation: What It Is and How It Af- 
fects You. Jack Schubert and Ralph E. 
Lapp. Viking, New York, 1957. 314 pp. 
$3.95. 

Clinical Pathology in General Practice. 
Specially commissioned articles from the 
British Medical Journal. Lippincott, Phila- 
delphia, Pa., 1957 (published in Great 
Britain in 1955) 330 pp. $5. 
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Meetings and Societies 


Observation and Interpretation 


Do the processes of physical observa- 
tion and measurement have absolute 
limits of some kind, or are these only 
an artifact of a particular interpreta- 
tion of these processes? How serious are 
(or would be) such limits for the pre- 
dicting and explanatory (interpretative ) 
functions of science, supposing that prob- 
ability statements are still available? 
The most interesting property of these 
questions is their capacity to evoke con- 
fident but incompatible answers from 
theoretical physicists. After more than 
30 years we certainly should have some 
answers, and it is perhaps a little em- 
barrassing that we cannot come near to 
agreeing on the answers. These questions 
are on the borderland of philosophy and 
physics and, like their ancestors which 
produced the theories of inertia and 
relativity, are the keys to many doors; 
but their answers are the keyholes. The 
1957 symposium of the Colston Research 
Society [a group of Bristol (England) 
citizens who finance the venture] invited 
a number of the most capable physicists 
and philosophers in Europe to reexamine 
these issues, and an excellent program 
resulted. The symposium was held at 
the University of Bristol, 31 Mar—5 Apr. 
The papers and the subsequent discus- 
sions will be published, and I shall 
therefore confine myself to listing them 
and giving some general comments, 
which must be understood as the per- 
sonal impressions of one observer. 

The main issue was the Bohr-Einstein 
dispute over the status of quantum me- 
chanics, which is held by the former to 
be in some sense final and by the latter 
to be essentially an incomplete account 
of micro-processes. Among those who 
delivered papers, the Copenhagen school 
was represented particularly by Rosen- 
feld (Manchester) and Siissmann (Gdt- 
tingen and Munich), a student of Heis- 
enberg’s. The Einstein position was 
developed by Bohm (Haifa) in his paper 
“A proposed explanation of quantum 
theory: in terms of hidden variables at a 
subquantum-mechanical level” and was 
supported by Vigier (Institut Henri Poin- 
caré, Paris). Among the other contribu- 
tions that were in the category of theo- 
retical physics, indirect support for the 
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first position was provided by Groene- 
wold (Groningen) (“Objective and sub- 
jective aspects of statistics in quantum 
description”) and for the second, by 
Bopp (Munich). Fierz (Basel) (“Does a 
physical theory comprehend an ‘objec- 
tive, real, single, process’?”’) and Feyer- 
abend (Bristol) (“On the quantum the- 
ory of measurement”) had _ their 
sympathies with the former viewpoint, 
one inferred, The papers were commend- 
ably brief, and the discussion periods 
were considerably longer, with the result 
that the party lines were quite soon made 
clear and a vigorous dispute continued 
from one session to the next. Only on the 
last day was there a feeling that the pos- 
sible variations were exhausted and that 
a period of reconsideration would be re- 
quired to produce new arguments. 

It is very interesting to notice the role 
of the philosophic slogans adopted by the 
two sides in directing their arguments 
and their search for physical explana- 
tions; the Copenhagen school proclaimed 
the irrelevance of intuitive models to 
quantum events, and the “hidden vari- 
ablists” insisted on the existence of a defi- 
nite state in a system, regardless of the 
presence or activity of an observer. The 
importance of the slogans is not their 
logical relationship, for they are com- 
patible, but the way in which they were 
the theme and last resort of each dis- 
putant; clearly, it was the interpretations 
and not the observations which were in 
question. Kérner (Bristol) (‘On philo- 
sophic arguments in physics”) brought 
out well the strength of this linkage be- 
tween the hard-pressed theoretician and 
the philosopher. Polanyi (Manchester) 
(“Beauty, elegance, and reality in sci- 
ence”) attempted to explicate some of 
the formal criteria which enter into the 
judgment of theories at this level of great 
generality, where they become almost 
philosophic. (One recalls again the de- 
bates on absolute space, phlogiston, 
atoms, the continual-creation cosmolo- 
gies, and so forth). Other logical prob- 
lems of the borderline were taken up by 
Gallie (Belfast) (“The limits of predic- 
tion”), by Kneale (Oxford) (“What can 
we see?”), and by Ryle (Oxford) (“Pre- 
dicting and inferring’). 

The dependence of interpretations of 
quantum theory on a particular (usually 
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unstated) philosophic analysis becomes 
especially clear in connection with the 
concept of probability, since, for exam- 
ple, the debate over “information-waves 
versus real waves” is, in great part, a 
debate about the nature of probability. 
On this topic Popper (London School of 
Economics), Ayer (University College, 
London), and Braithwaite (Cambridge), 
as logicians, produced three good papers, 
whose relationship to the quantum the- 
ory could well have been discussed at 
greater length. 

The 25 symposiasts who did not read 
papers provided a critical and enlight- 
ened audience, whose selectivity avoided 
a good deal of the usual time-wasting 
that is associated with convention meet- 
ings on these topics. I found myself par- 
ticularly interested in the comments, 
either on or off the floor, of Cohen (Dun- 
dee), Hesse (University College, Lon- 
don), Mackay (King’s College, Lon- 
don), Miiller (Braunschweig), and 
O’Connor (Liverpool). Of course, others 
would make other choices, but I doubt 
that there would be much dispute over 
the outstanding grasp of the field ex- 
hibited by Groenewold, whose _intro- 
duction of the Einstein-Podolski-Rosen 
paradox as a difficulty for Bohm’s inter- 
pretation and whose analysis of the von 
Neumann proof were very impressive. 
Although he argues that the von Neu- 
mann proof tells us nothing about the 
possibility of subquantum theories which 
include the quantum laws as derivations, 
he also thinks that any such theory is 
very likely to collapse over one or more 
of a range of special difficulties—a view 
which he supported by a verbal analysis 
of the mathematics of the three best con- 
temporary candidates. 

It remains to be seen, of course, 
whether Bohm can derive the Dirac 
equations and the other well-established 
formulas and then whether some dif- 
experiments support his 
position. One interesting result of the 
discussion was a design for such a dif- 
ferentiating experiment, which was ac- 
cepted by both sides. But Groenewold’s 
objections would still make it impossible 
to regard the theory as deterministic in 
the usual sense, which in this case con- 
stitutes a serious conceptual] difficulty. 

It remains only for me to say that the 
symposium was organized with great 
courtesy and efficiency by Korner, as- 
sisted by Pryce, Edgeley, and Feyerabend, 
of the host university; that the hospi- 
tality provided by the Colston Society 
and the university was very generous and 
cordial; and that all who listened learned. 

MicHaeEL ScrivEN 
Department of Philosophy, Swarthmore 
College, Swarthmore, Pennsylvania, 
and Minnesota Center for Philosophy 
of Science 
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American Institute of Physics 


The American Institute of Physics 
(AIP), founded in 1931, is a federation 
of the major societies of physics in the 
United States. The member societies are 
the American Physical Society, the Op- 
tical Society of America, the Acoustical 
Society of America, the American Asso- 
ciation of Physics Teachers, and the So- 
ciety of Rheology. The combined mem- 
bership of these societies, together with 
some associate members of the institute, 
now totals more than 18,000 individuals. 
All of these societies are affiliated with 
the AAAS, and the American Institute 
of Physics has recently become an affili- 
ate. 

The institute is governed by a board 
whose members are nominated by the 
member societies, except for three who 
are elected by popular ballot of the in- 
dividual members. The board appoints 
an executive committee, and the insti- 
tute has a director and an executive sec- 
retary, with a supporting professional 
staff. The AIP was the first of a number 
of similar federations in various fields of 
science and served in some respects as a 
model for the others. The member so- 
cieties are fully autonomous. They con- 
trol their own terms of membership, elect 
their own officers, arrange their own sci- 
entific meetings, and edit their own jour- 
nals. The societies delegate to the insti- 
tute the mechanics of all their publishing 
work as well as various developmental 
and representative functions which can 
best be accomplished on behalf of phys- 
ics as a whole by combining the strength 
of the societies through the institute. 

The major activity of the institute is 
publication of the following journals: for 


~ the American Physical Society, Physical 


Review, Reviews of Modern Physics, and 
Bulletin of the American Physical So- 
ciety; for the Optical Society, Journal of 
the Optical Society of America; for the 
Acoustical Society, Journal of the Acous- 
tical Society of America and Noise Con- 
trol; for the American Association of 
Physics Teachers, American Journal of 
Physics; under AIP sponsorship, Re- 
view of Scientific Instruments, Journal 
of Chemical Physics, Journal of Applied 
Physics, and Physics Today. 

To this list of journals, the institute 
has recently added four periodical trans- 
lations of journals that are published in 
Russian by the Academy of Sciences of 
the U.S.S.R. These journals, all subsi- 
dized by the National Science Founda- 
tion, are Soviet Physics—].E.T.P., Soviet 
Physics-T echnical Physics, Soviet Phys- 
ics—Doklady, and Soviet Physics—Acous- 
tics. 

By arrangement with the member so- 
cieties, the institute supplies secretarial, 
clerical, and fiscal services, as desired, to 
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the secretaries, treasurers, and other offi- 
cers of the societies, and frequently assists 
the societies in some aspects of the busi- 
ness of arranging their meetings. 

Among the general services that are 
rendered by the AIP to physics and to 
the general community are the distribu- 
tion of vocational information about 
physics, the sponsoring of student sec- 
tions at universities and colleges, the 
maintenance of the physics section of the 
National Register of Scientific and Spe- 
cialized Personnel, sponsored by the Na- 
tional Science Foundation, and coopera- 
tion with societies and institutes in other 
fields of science in such joint enterprises 
as the Scientific Manpower Commission. 
The institute also operates a number of 
projects on grants from the Government 
or from private foundations; all of these 
are designed to develop the science of 
physics, to improve education in the sci- 
ence, or to attract suitable students to 
careers in physics. 

The work of the institute has grown 
to such magnitude—involving the pub- 
lication ef 19,000 pages per year, service 
to its 18,000 members, and the carrying 
on of various assigned projects—that it 
has become necessary to move to larger 
quarters. A drive for a “development 
fund” of $500,000 is now in progress. 
Half of this is for the conversion of a 
building, which has been purchased, into 
enlarged office space for the institute’s 
work. The remainder is for a needed ex- 
pansion of publishing services and for 
other activities designed to strengthen the 
profession of physics in the United States. 
Early in June, the institute will move 
from its present quarters to the new loca- 
tion at 335 E. 45 St., New York. 

Henry A. Barton 
American Institute of Physics, 
New York, New York 


Society Elections 


® Association of Vitamin Chemists: 
pres., Orton F. Hixson, Laboratory of 
Vitamin Technology; v. pres., Claire 
E. Graham, The Wilson Laboratories; 
treas., Buford H. Barrows, Hales and 
Hunter Co.; sec., Arnold E. Denton, Re- 
search Laboratories, Swift and Co., Chi- 
cago 9, Ill. Representative to the AAAS 
Council is Henry C. Spruth. 


™South Dakota Academy of Science: 
pres., John Willard, South Dakota 
School of Mines and Technology; 1st v. 
pres., S. W. Howell, Yankton College; 
2nd v. pres., V. R. Nelson, Augustana 
College; sec.-treas., John M. Winter, 
Dept. of Botany, State University of 
South Dakota, Vermillion. The repre- 
sentative to the AAAS Council is Ray- 
mond Greb, South Dakota State College. 


® Population Association of America: 
pres., Harold F. Dorn, National Insti- 
tute of Health, Bethesda, Md.; pres. 
elect, Dorothy Swaine Thomas, Univer- 
sity of Pennsylvania; Ist v. pres., Kings- 
ley Davis, University of California, 
Berkeley; 2nd v. pres., Dudley Kirk, 
Population Council, Inc., Scarsdale, 
N.Y.; sec.-treas., Daniel O. Price, Uni- 
versity of North Carolina, Chapel Hill. 


"American Association of Colleges of 
Pharmacy: pres., Tom D. Rowe, Uni- 
versity of Michigan, Ann Arbor; v. pres., 
J. F. McCloskey, Loyola University, 
New Orleans, La.; exec. comm. chair- 
man, Louis C. Zopf, State University of 
Iowa, Iowa City; sec.-treas., George L. 
Webster, University of Illinois, Chicago 
12. 


®™Virginia Academy of Science: pres., 
William G. Guy, College of William and 
Mary; pres. elect, John C. Forbes, Medi- 
cal College of Virginia; sec., Paul M. 
Patterson, Hollins College, Hollins, Va.; 
treas. and representative to the AAAS 
Council, Foley F. Smith, Virginia Alco- 
holic Beverage Control Board; asst. sec.- 
treas., William B. Wartman, Jr., Ameri- 
can Tobacco Company Research Labo- 
ratory. 


Forthcoming Events 


July 

10-17. International Union of Crystal- 
lography, 4th genl. assembly, Montreal, 
Canada. (G. A. Jeffrey, Chemistry Dept., 
Univ. of Pittsburgh, Pittsburgh 13, Pa.) 

11-13. Applied Cytology, European 
Symp., Brussels, Belgium. (Secretary, 
Comm. on International Cong., American 
Cancer Soc., 521 W. 57 St., New York 
19, N.Y.) 

14-19. International Assoc. of Geron- 
tology, Merano, Italy. (A. I. Lansing, 
Dept. of Anatomy, Univ. of Pittsburgh, 
Pittsburgh 13, Pa.) 

14-20. Clinical Pathology, 4th internatl. 
cong., Brussels, Belgium. (M. Welsch, 
Service de Bacteriologie et de Parasitolo- 
gie, Université de Liége, Blvd. de la Con- 
stitution, Liége, Belgium. ) 

15-18. Biochemistry of Lipids, Interna- 
tional Colloquium, Oxford, England. (Dr. 
Sinclair, Laboratory of Human Nutrition, 
Oxford. ) 

15-19. Institute on College Adminis- 
tration, annual, Ann Arbor, Mich. (A. D. 
Henderson, 2442 U.E.S., Univ. of Mich- 
igan, Ann Arbor.) 

16-19. American Malacological Union, 
annual, New Haven, Conn. (Miss M. C. 
Teskey, P.O. Box 238, Marinette, Wis.) 

16-24. International Cong. for Pure 
and Applied Chemistry, 16th, Paris, 
France (R. Morf, Secy. Genl., IUPAC, 
Sandoz, S.A., Basel, Switzerland. ) 

20-21. Medical-Sociological Aspects of 
Senile Nervous Diseases, internatl. symp., 
Venice, Italy. (S. N. Feingold, Jewish 
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Vocational Service of Greater Boston, 70 
Franklin St., Boston 10, Mass.) 
21-28. Neurological Sciences, 1st in- 


ternatl. cong., 
Bailey, National 
Bethesda 14, Md.) 

23-24. Modern Electrochemical Meth- 
ods of Analysis, Internatl. symp., Paris, 
France. (G. Charles, Ecole Superieure de 
Physique et de Chimie, 10, rue Vauquelin, 
Paris 5°.) 

25-26. Structure Properties Relation- 
ships of Polymers (IUPAC), Paris, France. 
(International Union of Pure and Applied 
Chemistry, 4, Avenue de |’Observatoire, 
Paris 6°. ) 


Brussels, Belgium. (P. 
Institutes of Health, 
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the new GME 


Small size makes this instru- 
ment ideal for the crowded 
operating room or experimen- 
tal laboratory. Provides con- 
tinuous data on cardiac con- 
dition and depth of anesthesia. 
Easily operated — instantan- 
eous speed change without 
shifting of gears allows the 
anesthesiologist to monitor 
cardiac rate and rhythm at 
2.5 mm/sec., and permits a 
detailed examination of ECG 
and EEG at 25 mm/sec. De- 
pendable, low-cost ink record- 
ing system has a new, GME- 
developed, non-clogging pen 
and inkwell design. No bat- 
teries, line operated. 


Low cost and convenience of fan- 
fold paper . . . self-folding . . . 


. \, 
record can be read like a book. 


Write for complete information. 
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Portable CARDIO-[4 (430 7Va-14-7-V 1. 


GILSON MEDICAL ELECTRONICS 


714 MARKET PLACE 
MADISON 3, WISCONSIN 


25-29. Protein Chemistry Symp., 
IUPAC, Paris, France. (J. Roche, Col- 
lege de France, Place Marcellin Berthe- 
lot, Paris 5°.) 

26-27. Experimental Psychology and 
Animal Behavior Section of International 
Union of Biology, Brussels, Belgium. (H. 
S. Langfeld, Dept. of Psychology, Prince- 
ton Univ., Princeton, N.J.) 

26-27. Linguistic Soc. of America, Ann 
Arbor, Mich. (A. A. Hill, Box 7790, Uni- 
versity Station, Austin 12, Tex.) 

26-27. Military Psychology, internatl. 
symp., Brussels, Belgium. (National Acad- 
emy of Sciences, 2101 Constitution Ave., 
NW, Washington 25.) 


Weight 29.5 lbs. 
Size 6%” wide by 13” in the 
other two dimensions. 








26-31. International Humanist and 
Ethical Union, 2nd cong., London, Eng- 
land. (American Humanist Assoc., Gate 
House, Yellow Springs, Ohio. ) : 

26-1. International Congress on Nu- | 
trition, 4th, Paris, France. ; 
Congrés_ International de Nutrition, | 
CNERNA, 71, boulevard Péreire, Paris 
17°.) 

27-3. Religion in the Age of Science, 
4th annual, Star Island, Isles of Shoals, 
Portsmouth, N.H. (Mrs. R. Holt, Box 156, 
Pennington, N.J.) 

28-1. Psychoanalysis, 20th internat. 
cong., Paris, France. (Dr. Nacht, 187, 
rue Saint-Jacques, Paris 5.) 

28-3. Psychology, 15th internatl. cong., 
Brussels, Belgium. (L. Delys, 296, avenue 
des Sept Bonniers, Forest-Bruxelles. ) 

31-5. International Assoc. for Hydrau- | 
lic Research, Lisbon, Portugal. (M. Co- | 
elho Mendes da Rocha, Laboratorio Na- 
cional de Engenharia Civil, Avenida do 
Brasil, Lisbon.) 

31-6. Dermatology, 11th internatl. 
cong., Stockholm, Sweden. (C. H. Flo- 
den, Hudkliniken, Karolinska Sjukhuset, | 
Stockholm 60.) 


August 


2-3. Pennsylvania Acad. of Science, 
Honesdale, Pa. (K. Dearolf, Public Mu- 
seum and Art Gallery, Reading, Pa.) 

5-11. Pan American Cong. of Pediat- 
rics, 5th, Lima, Peru. (C. F. Krumdieck, 
Washington 914, Lima.) 

5-17. Curare and Curare-Like Agents, 
internatl. symp., Rio de Janeiro, Brazil. 
(C. Chagas, Instituto de Biofisica, Uni- 
versidade do Brasil, 458 Avenida Pasteur, 
Rio de Janeiro.) 

6-9. Poultry Science Assoc., annual, Co- 
lumbia, Mo. (C. B. Ryan, Texas A.&M. 
College, College Station.) 

7-9. Industrial Applications of X-Ray 
Analysis, 6th annual conf., Denver, Colo. 
(J. P. Blackledge, Metallurgy Div., Den- 
ver Research Inst., Univ. of Denver, Den- 
ver 10.) 

7-9. International Union against the 
Venereal Diseases and the Treponema- 
toses, 31st general assembly, Stockholm, 
Sweden. (Secretary General, Institut Al- 
fred Fournier, 25, boulevard Saint-Jac- 
ques, Paris 14°, France.) 

8-15. International Statistical Inst., 
30th, Stockholm, Sweden. (Secretary Gen- 
eral, ISI 30th Session, Fack, Stockholm 
3.) 

8-15. International Union for the Sci- 
entific Study of Population, Stockholm, 
Sweden. (F. Lorimer, c/o American Uni- 
versity, Washington 16.) 

11-14. Heat Transfer, national conf., 
University Park, Pa. (G. M. Dusinberre, 
Pennsylvania State Univ., University 
Park.) 

11-17. World Federation for Mental 
Health, 10th annual, Copenhagen, Den- 
mark. (Miss E. M. Thornton, i9 Man- 
chester St., London, W.1, England.) 

12-16. Canadian Teachers’ Federation, 
annual, Edmonton, Alberta, Canada. (G. 
G. Croskery, 444 MacLaren St., Ottawa 
4, Ont.) 

12-18. Theory of Functions, internat. 
colloquium, Helsinki, Finland. (B. Eck- 
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INVERTED PIT-TYPE 


by 


Affording the convenience of bottom loading this 
Pereco Model IP-74 is an especially versatile, wide 
temperature range (up to 2900°F.) electric labora- 
tory furnace. Chamber size is 9” w. x 9” 1. x 10” d. 
and has 4 silicon-carbide elements on each side. 
Door is operated manually by chain lift. Arch plug 
can be provided for exhausting and rapid cooling. 
Furnished complete with transformer, 36-tap switch, 
ammeter and magnetic contactor. Temperature con- 
trols as required. 


PERENY EQUIPMENT COMPANY 


Dept. F, 893 Chambers Rd., Columbus 12, Ohio 





FURNACE 


ERECO 









for | 
bottom 
loading 


ke Model IP-74 


maximum 
temperature 
2900°F. 


| 
White 
Today 


for 
“ FULL 
DETAILS 





Standard or Special Furnaces or Kilns 
for Temperatures from 450° to 5000°F. 





PHOTOVOLT Densitometer 


for Partition Chromatography 
and Paper Electrophoresis 


A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 
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mann, Ecole Polytechnique, Federale, 
Zurich, Switzerland.) 

12-25. International Soc. of Soil Me- 
chanics and Foundation Engineering, 4th 
Conf., London, England. (A. Banister, 
Institution of Civil Engineers, Great 
George St., London, S.W.1.) 

18-21. American Astronomical Soc., 
Urbana, Ill. (J. A. Hynek, Smithsonian 
Astrophysical Observatory, 60 Garden St., 
Cambridge 38, Mass.) 

19-21. National Council of Teachers of 
Mathematics, Northfield, Minn. (M. H. 
Ahrendt, NCTM, 1201 16 St. NW, 
Washington 6.) 

19-22. American Veterinary Medical 
Assoc., annual, Cleveland, Ohio. (J. G. 





Hardenbergh, AVMA, 600 S. Michigan 
Ave., Chicago 5, Ill.) 

19-23. Clay Conf., 6th natl., Berkeley, 
Calif. (Dept. of Conferences and Special 
Activities, Univ. of California Extension, 
Berkeley 4.) 

19-23. Clinical Chemistry, 2nd inter- 
national European cong., Stockholm, 
Sweden. (K. Agner, Box 12024, Stock- 
holm 12.) 

19-24. Finite Groups, internatl. col- 
loquium, Tiibingen, Germany. (H. Wiel- 
andt, Faculty of Mathematics and Natural 
Science, Eberhard-Karls-Universitat, Tii- 
bingen. ) 


(See issue of 17 May for comprehensive list) 





PACKARD 


AUTOMATIC 


FRACTION COLLECTORS 
for Column Chromatography 











balla FP 


Time, Drop Counting and Special Types 


1 Packard Automatic Fraction 
Collectors provide extremely 
precise volume measurement 
and ease of operation. 


9 Their reputation for excellent 
performance is backed by years 
of continuous service in labora- 
tories throughout the nation. 


3 Simple mechanical and elec- 
tronic design results not only 
in high reliability but also in 
initial cost economy. 


For complete information send card or letter requesting 


illustrated 4-page Bulletin 230. 


A Sample hold-up, mixing and 
possibility of contamination 
are all eliminated in standard 
time and drop counting 
models, There are no inter- 
mediate vessels, glass arms or 
funnels. Drops from the column 
fall directly into the test tubes. 


5 Special turntables, large pre- 
parative fraction collectors and 
various volumetric measuring 
and continuous monitoring 
devices are available. 
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LETTERS 


The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letier writer 
should indicate clearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Literature, Science, Manpower Crisis 


Unusual importance attaches to the 
article on “Literature, science, and the 
manpower crisis” by Joseph Gallant 
[Science 125, 787 (26 Apr. 1957)]. Ii 
it could be read by all those who are 
engaged in building high school cur- 
riculums, by a large proportion of those 
who teach in upper primary and second- 
ary schools, by those who write textbooks 
for these grades, by those who train 
teachers, and by key members of state 
and city boards of education, the short- 
age of scientists and technologists would 
surely soon be reduced; and, even more 
far-reaching and contrary to present 
reasonable expectation, a start might 
soon be made toward making basic sci- 
entific concepts acceptable in American 
culture. During the 50 years that I have 
been a reader of Science I have found 
neither in its pages nor elsewhere an 
equally cogent statement of the prime 
sources of present educational deficiency 
or failure in the sciences. 

Two sentences will recall the core of 
the contribution: The problem centers 
in the high school. Involved there is 
practically the whole of the curriculum 
—not merely science and mathematics, 
but literature, history, and other of the 
humanities as well. Fortune has left it 
for a scholar in literature, and one ac- 
tively teaching in a famous New York 
high school, to document satisfactorily 
the definite (and ultimately persuasive ) 
prescientific bent of humanistic teaching 
in our high schools and, to point sharply 
to the resulting dichotomy in the basic 
thought and motivation of our people, 
involving an over-all denigration of the 
status and concepts of science. I quote: 
“But the humanities sweepingly ignore 


the role played by scientific insight and 


thinking in the ideology of our times and 
disdainfully march on their archaic way 
as though the atomic and electronic age 
had not arrived, . . . students must be 
attracted to the study of sciences, . not 
after they are enrolled in the colleges, 
but before; not after they have elected 
physics and chemistry in the secondary 
schools, but before they do so. Moreover 

. they must be endowed with a per- 
spective that will provide them with a 
profound and continuing motivation to 
apply themselves.” 

A clear, persuasive, and unhedged 
statement illuminating this much- 
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OXFORD books 


of exceptional interest 


Neutron 


Transport Theory 


By B. DAVISON and J. B. 
SYKES. A comprehensive 
account of neutron transport 
theory for atomic physicists, 
astrophysicists, and mathe- 
maticians. The /nternational 
Series of Monographs on 
Physics $12.00 


A Population 
Study of Penguins 


By L. E. RICHDALE. A re- 
port on 18 years of observa- 
tion of Yellow-eyed Antarc- 
tic penguins in a breeding 
colony in New Zealand. $6.75 


A History of 
Technology 


Volume Il: The Mediter- 
ranean Civilization and the 
Middle Ages c. 700 B.C. to 
A.D. 1500 
Edited by CHARLES 
SINGER and others. Volume 
II of a five volume study. Ar- 
ticles on Mining and Quarry- 
ing, Shipbuilding, Roads and 
Land Travel, Military Tech- 
nology, Hydraulic Engineer- 
ing, Alchemical Equipment. 
901 pages. 739 illustrations. 
$26.90 


The Shorter 
Oxford English 


Dictionary 


Third Edition Revised with 
Addenda 


A superb one-volume 
abridgement of the 13-vol- 
ume Oxford English Diction- 
ary. Based on historical prin- 
ciples. Etymologies, illustra- 
tive quotations, meanings 
and usage from King Alfred 
to the present. 2,536 pages. 
$25.00 
Thumb indexed $26.50 





At all bookstores 


OXFORD UNIVERSITY PRESS, Inc. 
114 Fifth Avenue, New York 11 























14 JUNE 1957 





* 


avoided center of our prime cultural 
problem has now appeared in Science. 
This statement supplies conclusive evi- 
dence that our “manpower crisis” is an 
inseparable part of the more inclusive 
cultural problem and, apart from the 
latter, will not be solved adequately by 
the various helpful measures already en- 
visaged or employed. Presumably, the 
potential of this exceptional publication 
is convertible to the actual only through 
making the article available to many or 
all of the hundreds of thousands men- 
tioned here. Even such wide distribution 
of a powerful challenge would doubtless 
early meet only partial success; but a 
worse Outcome awaits a neglect of this 
supplement to current “manpower” ef- 
forts, and surely much fresh interest in 
the manpower problem should now favor 
some success to a definitely directed urge 
that scientific concepts become respect- 
able in our secondary education. Thus we 
arrive at questions of practical action: 
Can Science, or can individual or col- 
lective scientists, devise or provide means 
to that end? Where republication? Costs 
of lists, and of mailing reprints? In the 
annals of research these items seem 
something less than gigantic or formi- 
dable, but perhaps they can and will 
block a promissing perceptible lift to 
both national safety and culture. 


Oscar RIDDLE 
Plant City, Florida 


Joseph Gallant’s major thesis that all 
insights into the nature of the universe 
are the proper province of literature 
[Science 125, 787 (1957)] appears well- 
taken. It is rather to support his con- 
tention than to cavil at it that one may 
question the correctness of his assertion 
that there are almost no contemporary 
instances of poetic integration of scien- 
tific concepts beyond the three cases he 
cites (Robinson Jeffers, Archibald Mac- 
Leish, and Mark Van Doren). Perhaps 
too much reliance was placed on the 
showing of exhaustive research in Helen 
Plotz’ Imagination’s Other Place, since 
from merely casual recollection it is pos- 
sible to cite among the notable omissions 
from this anthology such names as those 
of Max Eastman, James Franklin Lewis, 
Alfred Noyes, Selden Rodman, A. M. 
Sullivan, and William Carlos Williams. 
Perhaps the list would grow more read- 
ily if the editorial board of The Scientific 
Monthly would reinstate F. L. Camp- 
bell’s policy of publishing such work. 

WiLuiAM NEWBERRY 
Olin Mathieson Chemical Corporation, 
New Haven, Connecticut 


“IT own the soft impeachment” of 
William Newberry’s letter. If I have 
overlooked particular poems which util- 
ize scientific concepts, it is because these 
poems are not among the best known 
works of the poets cited nor those that 


FISHER 


CASTALOY® 
APPLIANCES* 





CLAMP EASIER! 


Lightweight Castaloy 
Clamps, Holders and Sup- 
ports fasten quickly and eas- 
ily, are adaptable to a wide 
range of uses. 


HOLD TIGHTER! 
Scientific designing gives 
holding strength without 
jamming or sticking. No 
strain or crushing of deli- 
cate glassware. 


SUPPORT MORE! 
Castaloy appliances are en- 
gineered like a bridge to dis- 
tribute support evenly. 
Special alloy used has ten- 
sile strength of 47,000 psi. 


LEARN MORE ABOUT THESE 
42 VERSATILE APPLIANCES 


The Castaloy Bulletin tells all about 
Castaloy Clamps, Holders and Sup- 

rts, including the Flexaframe®. Write 
or it. 


139 FISHER BLDG. - PITTSBURGH 19, PA. 
*Full stocks in 7 plants below 
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are regarded by critics as representative 
of the poet’s work—with the possible ex- 
ception of the work of William Carlos 
Williams, for the omission of which 
there can be no excuse. 

But this oversight on my part only 
highlights the more the fact that the 
scientific orientation of a poet’s thoughts 
or emotions is the one aspect that liter- 
ary discussion and criticism consistently 
neglect. This in turn emphasizes the 
urgency of focusing attention on the re- 
lationship of science to poetry and to 
literature in general. 

On the curricular and pedagogic level 
the implication for me is that some 
agency should be set up to cull our 
imaginative literature, both prose and 
poetry, for revealing instances of the 
successful integration of scientific ideas 
and images with lyrical or imaginative 
expression and to bring these to the at- 
tention of teachers and students through 
recommended reading lists and antholo- 
gies. These will, in time, affect the stand- 
ard syllabi and the standard literary 
anthologies. Such an agency would have 
to be charged with both research and 
pulic education. 

On the creative and critical levels, 
new works incorporating the scientific 
outlook might be fostered by conferring 
the recognition and prestige of scientific 
bodies on them in some way, or by set- 





ting up an agency to do so, which might 
be a lina >2*ween the humanities and 
science. 

It might be well for scientific societies, 
the various manpower agencies, or asso- 
ciations of technologic firms to consider 
creating such an agency for its ultimate 
effect on our culture and our scientific 
manpower resources. What seems to be 
most needed is an instrument for closer 
liaison of the humanities and science, 
not only in organizational terms (be- 
tween, say, scientific professional groups 
and literary and scholarly associations), 
but also in terms of research, intercom- 
munication, and publicity. . 

JosepH GALLANT 
Theodore Roosevelt High School, 
New York, N. Y. 


Radiation and Health 


I can only partially agree with the 
statements expressed in your editorial, 
“Radiation -and health” [Science 125, 
719 (19 Apr. 1957)]. The information 
on the radiation genetics of our species 
is exceedingly meagre, and currently we 
are forced to extrapolate from data col- 
lected by radiation geneticists working 
on the mouse, fruitfly, and various plants 
and microorganisms. To collect data for 
our species, we shall have to gather every 
scrap of information that results from 





each sizable exposure of the human re- 
productive system to ionizing radiation, 
Presumably, such exposures can occur 
accidentally or from medical diagnostic 
and therapeutic procedures. 

I will grant that a record of exposures 
may be of no value to the individual 
keeping it, since the decision to expose 
this individual to further x-rays is pri- 
marily governed by the need for medical 
diagnosis or therapy. This is not the 
point, however. The value of records of 
this kind is that as they accumulate and 
the pedigrees of exposed individuals be- 
come available, only then can the geneti- 
cist attempt, from an analysis of these 
data, to determine the exact magnitude 
of the radiation hazard to the human 
germ plasm, 

When one is ignorant admit it, pro- 
ceed cautiously, and attempt to remedy 
the situation. In genetics, as G. Mendel 
has observed, the only way to remedy 
ignorance is to engage in the bookkeeping 
necessary for the construction of pedi- 
grees. The answer to the question “Would 
the considerable effort required to keep 
such records for a large part of the popu- 
lation be worth while?” is an unqualified 
Yes. 

Rosert C. Kine 
Department of Biological Sciences, 
Northwestern University, 
Evanston, Iilinois 





The purpose of the pump is to produce artificial 
breathing. A mechanically operated valve is 
synchronized with the stroke. When the pump has 
reached its maximum on the pressure side, the valve 
disconnects the flow of air to the lungs and exhalation 


takes place naturally. The mechanical valve through 








which air is pumped is so made that oxygen or gas 
mixtures may be added. A special feature of this 
unusual pump is that the piston is always driven to the 
top of its chamber; as a result no air is left in the 
chamber at the end of a stroke. The volume can be 
adjusted from maximum to minimum while the pump 
is in operation. The bar over which the adjusting pinion 
travels has been conveniently graduated. Thus the 


volume may be varied from zero to 500 cc per stroke. 
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high. 


No. 70-879—Nine, ten, eleven and twelve inch driv- 
ing pulleys are supplied. A size A V-belt will fit these 
pulleys. Overall dimensions, 14” wide, 29” long, 23” 











Price without motor and Variable Drive . . $475.00 each 


No. 70-8791—Same as No. 70-879 except with a 
motor including a drive which gives infinitely variable 
speeds, ranging from 0-45 per minute. 


Price of pump complete with motor and Variable Drive 


$745.00 each 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


SFLUORITE VACUUM SPECTROMETER, 
manufactured by Hilger and Watts, Ld., 
permits use of emission lines in the far- 
ultraviolet for analysis of carbon, phos- 
phorus, and sulfur in steels. The optical 
system of the instrument is housed in a 
drumlike container 18 in. in diameter. 
The four detectors, one for each element 
and one for the internal standard, are 
quartz-window multiplier phototubes. 
Samples are mounted in a chamber 
through which inert gas is circulated. 
The time required for analysis is less 
than 3 min, (Jarrell-Ash Co., Dept. 
$383 ) 


® PULSE-HEIGHT ANALYZER sorts electric 
pulses arriving at random time intervals 
into 100 channels, according to their am- 
plitide. The analyzer converts pulse 
height to time, sorts the resulting time 


measurements, and stores the count in 


each channel in quartz delay-line storage 
elements. The accumulated distribution 
of pulses is displayed on a cathode-ray 
tube. (Nucleonic Corporation of Amer- 
ica, Dept. S375) 


@SAMPLE FEED DEVICE for electrochro- 
matography consists of a slow-speed mo- 
tor, a syringe clamp and syringe, and an 
actuating cam. Motor speed is variable 
from 1 rev/min to 1 rev/7 days, thus 
providing, in combination with variations 
in the cam and in syringe size, a wide 
range of, sample sizes and delivery rates. 
Dual or multiple units are available. 
(Microchemical Specialties Co., Dept. 
$370) 


"POWER TRANSIENT ANALYZER simul- 
taneously measures, displays, and _ re- 
cords generator output voltage, fre- 
quency, waveform, and power. Voltage 
and frequency errors are less than 0.1 
percent. Recording and waveform dis- 
play are accomplished with a string- 
galvanometer oscillograph. (American 
Machine and Foundry Co., Dept. S367) 


"TEMPERATURE PROBES use thermistors 
to sense temperature. Maximum operat- 
ing temperature is 500°F. Time con- 
stants are 0.5, 4.0, and 7 sec for avail- 
able models. Nominal resistance may be 
1000 ohm to 0.5 Mohm or more. All 
structural parts are of stainless steel. 
(Rosemount Engineering Co., Dept. 
$368) 
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®@ ULTRASONiC CLEANER is used for clean- 
ing bearings and delicate mechanisms. 
Transducers are barium titanate operat- 
ing at a frequency of 35 to 40 kcy/sec. 
Output is 150 w. Tanks are stainless steel. 
(Labline Inc., Dept. $348) 


™ LIQUID LEVEL SENSER operates on the 
principle that the terminal impedance of 
an ultrasonic transducer depends strongly 
on whether it is air loaded or liquid 
loaded. The senser is capable of detect- 
ing liquid level to an accuracy of + 1/32 
in. Foam or clinging droplets do not 
affect its performance, nor do the char- 
acteristics of the liquid affect the change 
of impedance. Operating range is from 
— 270° to + 220°F. (Acoustica Associates 
Inc., Dept. S373) 


™@ INTERFERENCE. MICROSCOPE is a surface- 
finish tester for highly polished surfaces 
with roughness heights of approximately 
1 pw or less, It is designed for convex 
spherical and cylindrical surfaces. Oper- 
ation is based on multiple-beam inter- 
ferometry. The field of view is approxi- 
mately 1.5 mm in diameter. Cylindrical 
surfaces from 10 to 100 mm in diameter 
are accommodated. The instrument is 
portable, operating on batteries or from 
electric outlets. (Ercona Corp., Dept. 
$372) 


® couNTER of plug-in design uses a pair 
of magnetic cores as the counting ele- 
ment. Counting speed is 50 kcy/sec. 
Scales of 9, 10, and 11 are available. 
Outputs provide 40 v at high impedance 
and 4 v at low impedance. Operation re- 
quires a power supply of 150 v at 15 ma 
and 6.3 v at 0.3 amp. No visual read- 
out is provided. (Magnetics Research 
Co., Dept. S381) 


™ MANOMETER is read by a servomecha- 
nism in which a differential transformer 
is continuously positioned to be electri- 
cally centered about a float containing 
magnetic material. A proportional shaft 
position in the servo transmission is then 
analogous to the position of the liquid 
column. Sensitivities in excess of 1 py 
have been achieved. Five standard ranges 
are available from 32 to 120 in. (Ex- 
actel Instrument Co., Dept. S376) 


AIR SAMPLER filters air at rates of 18, 
36, or 70 ft?/min, depending on the filter 
paper used. Particles as small as 0.01 p 
in diameter are said to be accurately 
sampled. Air flow is measured by a vati- 
able-orifice meter. The sampler is de- 
signed for 24-hour operation. (Staplex 
Co., Dept. S377) 

JosHua STERN 
National Bureau of Standards 





resistance, here is in fact..... 


At Laboratory Supply Dealers Everywhere 





The new NALGENE [HH] funnels are made in exactly 
60° cones. Notice the 58° inner ribbing that assures 
rapid filtration. The outer ribbing allows air release [@ 
when used directly on a container. Molded from 4 
linear POLYETHYLENE for higher tensile strength, 
greater rigidity, and high temperature 


the first series of Plastic Funnels | 
designed specifically for Analytical Chemistry 


The 





Catalog Number 1235 [HH] 


CG. SEW nt . ees mm 35 
Stem length ....... mm 50 
For paper dia. ...... mm 55 
Number ineachcase.... 36 
PRIGRY COCR a. 6 65-60% Sais .26 








55 
60 
90 
36 


.30 


Less 10% in case lots, less 15% in assortments of 5 cases. 


NALGE C0., tne. 


ROCHESTER 2,NEW YORK 


65 75 90 100 160 
65 75 90 100 125 
110 125 150 185 240 


36 36 24 24 12 
35 48 62 76 1.60 
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PHYSICISTS & MATHEMATICIANS 


CONTRIBUTE 







TO THE 


FLIGHT 


FIRST <" ™N 
NWCLEAR 
POWERED 


PLANE 


Possibilities of almost unlimited 
range and speed for aircraft give 
top priority to the work now un- 
derway at the Aircraft Nuclear 
Propulsion Department of Gen- 
eral Electric. 


The product stage has_ been 
reached, and _ physicists and 
mathematicians—with or without 
previous nuclear experience—are 
needed immediately for assign- 
ments in: 


Thermodynamics and Cycle Analysis 
Reactor Analysis * Shield Physics 
Nuclear Instrumentation 
Applied Mathematics 
Digital and Analog Computers 
Theoretical Physics 
Numerical & Programming Analysis 


Your nuclear knowledge will be 
supplemented through a _ special 
series of in-plant courses that 
will give you a sound basis for 
work in this field. 


The emphasis here is on research. 
Technical assistance is liberal, fa- 
cilities modern and extensive. Re- 
sponsibility is fully delegated. 


Your professional development is 
encouraged in every way by on 
the spot management. There are 
opportunities for graduate study 
on a Full Tuition Refund Plan. 
And frequent merit reviews keep 
advancement based on ability and 
performance, not number of years 
on the job. 


Comprehensive Benefits 
Relocation Expenses Paid 


Choice of Two Locations: 
Cincinnati, Ohio and Idaho Falls, Idaho 


Write in confidence, stating 
salary requirements to: 
J. R. Rosselott 
P.O. Box 132 
Cincinnati, Ohio 


L. A. Munther 
P.O. Box 535 
Idaho Falls, Idaho 


GENERAL @ ELECTRIC 
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>——PERSONNEL PLACEMENT—— 

















CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below — no 
charge for Box umber. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 

















POSITIONS OPEN qn 


CHEMIST 
STRUCTURE-FUNCTION 


Unusual opportunity for outstanding 
Ph.D. in organic chemistry with good 
pharmacology background to head 
unit dealing with correlations be- 
tween chemical structure of medi- 
cinal compounds and their physio- 
logical activity. Needs broad research 
experience, lively imagination and an 
appreciation of the problems as as- 
sociated with the discovery and de- 
velopment of new _ pharmaceutical 
agents. Progressive eastern pharma- 
ceutical manufacturer. Broad bene- 
fit coverage. Send complete personal 
résumé. 





Box 187, SCIENCE 














Comparative Anatomist—Visiting Professor, re- 
tired or sabbatical, for fall semester 1957 only. 
Box 189, SCIENCE x 





Director, diagnostic and research tuberculosis 
laboratory, central Florida, physician or non- 
physician microbiologist or clinical chemist. 
— a employment will be considered. Write 

Albert V. Hardy, Director, Bureau of Lab- 
sg State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 





(a) Executive Director, State Association for 
Mental Health; graduate training in mental 
health field (for example, social work, sociology, 
psychology), preferably doctoral level; although 

ay be substituted for formal training; $6500- 
$9000. (b) Physiologist well trained in mam- 
malian physiology iochemist experienced in 
metabolism, and Bacteriologist experienced in 
immunology and tuberculosis studies to serve 
as research associates, medical school — 
department; $6500-$7500; Midwest. (c) Chem- 
ist, M.S. or Ph.D.; research department, 200- 
bed hospital; Ohio; $6000-$7000. (d) Analyti- 
cal Chemist, Ph.D., to direct group of analyti- 
cal chemists ; new research center, large indus- 
trial company; Pacific Coast. (e) Bacteriologist, 
Ph.D., to direct manufacturing laboratories ; 
various research programs; $5500-$8000; near 
Chicago. S6-2 Medical Bureau, Burneice Lar- 
son, Director, 900 North Michigan Avenue, 
Chicago. x 





Supervising Hospital Biochemist for a clinical 
chemistry laboratory of a large university hospi- 
tal affiliated with a medical college; also teach- 
ing opportunity. Broad experience is required. 
Salary range, $7047 to $7830. Liberal personnel 
policies. Please address your communication in- 
dicating your background and experience to the 
Administration Office, Cincinnati General Hos- 
pital, 3231 Burnet Avenue, Cincinnati 29, Ohio. 

6/21, 28; 7/5, 12, 19, 26; 8/2 











iii POStTI0NS OPEN |i 


Applications are invited for the positions of 
HEADS OF THE DIVISIONS PHYS- 
ICS AND CHEMISTRY of the Saskatchewan 
Research Council. Applicants should have a doc, 
tor’s degree or its equivalent and 6 to 8 years’ 
research experience, including 6 years in super- 
vision of investigational work, 

The field of interest of the Saskatchewan Re- 
search Council includes both pure and applied 
science but is mainly directed to matters affect- 
ing the economy of the Province. Within this 
field the work is widely diversified. The Coun- 
cil’s laboratory building is now under construc- 
tion on the grounds of the University of Saskat- 
chewan and is expected to be ready for 
occupancy in April 1958. Applicants should be 
prepared to join the Council before that time in 
order to participate in planning the initial pro- 
gram of research. 

Inquiries are to be addressed to Dr. T. E. 





Warren. Director, Saskatchewan Research 
Council, University of Saskatchewan, Saska- 
toon, Saskatchewan. 6/14, 21 








PHYSIOLOGISTS 
PHARMACOLOGISTS 
BIOCHEMISTS 


Ph.D.’s_ in physiology, pharmacology or 
biochemistry with major background and 
experience in field of 

(a) Cardiovascular and/or nutrition 

(b) Endocrinology 

. for team participation in the develop- 
ment of new therapeutic agents. Large 
pharmaceutical manufacturer. Philadelphia 
location. Liberal benefit program. Send 
résumé, 


Box 185, SCIENCE 














Research Assistant, B.S. or M.S. Conscientious 
person with good college record in chemistry 
and/or biology and willingness to learn. Desired 
for work on the central nervous system employ- 
ing biochemical and biophysical techniques. Sal- 
ary level consistent with training and experience. 
Midwest. Box 161, SCIENCE, 

5/31, 6/7, 14, 21, 28, 7/5, 12 





Research Chemist, Experienced. M.S. (or 
equivalent) in organic or biochemistry. Indepen- 
dent research—project in separation of pep- 
tides; using techniques of chromotography, frac- 
tionation of proteins and lipids, and so forth. 
Opportunity to work toward advance degree un- 
der tuition remission plan. Apply directly or 
send résumé to Personnel, New York Univer- 
sity-Bellevue _Medical Center, 420 East 34 
Street, New York 16. x 





Scientist-Junior: M.S. or equivalent He a 
chemistry and/or biochemistry. Some knowledge 
of patent procedures and foreign languages de- 
sirable to participate in the evaluation of foreign 
scientific information for a Philadelphia pharma- 
ceutical manufacturer. Liberal benefit program. 
Send complete résumé, Box 188, SCIEN Fal 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for Sep- 
tember positions in many states and many for- 
eign lands, No fees, Also unusual summer jobs 
and study awards. Rush $1 for a job 
data, salaries. CRUSADE, SCI, Box 99, Sta- 
tion G, Brooklyn 22, N.Y. EOW 


VIROLOGIST 


Human Vaccine 


We are entering into a new tissue 
culture program and will need Vir- 
ologists with Ph.D. or equivalent and 
also technicians who preferably have 
had experience in tissue culture 
work, 


This is an outstanding opportunity to 
work with a well-established com- 
pany in an expanding field. Submit 
résumé with full information to Box 
190, SCIENCE. 
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PHYSIOLOGIST 
PHARMACOLOGIST 


Ph.D. in physiology or pharmacology 
to assist in the evaluation of neuro- 
pharmacologic agents for use in 
mental illness. Philadelphia located 
pharmaceutical manufacturer. Excel- 
lent benefits. Send résumé. 


Box 186, SCIENCE 














. 





iii POStTIONS WANTED || 


Biologist, M.A., Ph.D. (August). Genetics, em- 
bryology, physiology. Experienced college biol- 
ogy teaching, animal colony and instrument 
maintenance. Research interest, mammalian gen- 
etics. Desires teaching, research. Box 2212, 
Madison, Wis. 6/14 


Chemist; Ph.D.; 3 years of teaching; 7 years 
as senior chemist and production superintendent 
in industry. Medical Bureau, Burreice Larson, 
Director, 900 North Michigan, Chicago. Da 











Comparative Physiologist, Ph.D., 38; 9 years’ 
experience teaching and full-time research. Ani- 
mal, human _ physiology, vertebrate zoology, 
ecology. Desires academic, medical school, or 
full-time research iced in new location. 
Write Box 184, SCIENCE. 


lll POSITIONS WANTED jl 
Medical-Science Writer; 42; 





12 years news- 
paper, newsmagazine; 4 years university public 
relations. University or industrial, western U.S. 
preferred. Box 160, SCIENCE. 6/7, 14 


Physiologist, 34; Ph.D.; 5 years’ experien 

Research: ‘cellular physiology, bicgheunistry, 
effect of endocrines on protozoa. Teaching: 
mammalian and cellular physiolo; embryology, 
and parasitology. NSF and USPH HS postdoc- 
toral fellow 3 years. Desires academic position 
with opportunity for research. Box 191, SCI- 
ENCE, x 








Scientific Materialism, the spiritual path to ulti- 
mate freedom. West-Coast roundtable. Address 
re to 6285 Rodgerton Dr., Hollywood 28, 
Calif. 6/21, 28; 7/8 








The Market Place 


BOOKS + SERVICES » SUPPLIES - EQUIPMENT 








DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














lll BOOKS AND MAGAZINES |i 








iiiil|PROFESSIONAL SERVICES || 
LABORATORY SERVICES 


for the a FEED, Ln and 
CHEMICAL INDUSTRIE: 
Analyses, Biological — 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 
Write for Price Schedule | 













P. O. Box 2217 * Madison 1, Wis. 








FOOD RESEARCH tasorarories inc. 


OUR 55“ YEAR 


RESEARCH 
ANALYSES CONSULTATION 
BIOLOGICAL, NUTRITIONAL AND TOXICOLOGICAL STUDIES 
FOR THE FOOD, DRUG AND ALLIED INDUSTRIES 
48-14 33rd STREET, LONG ISLAND CITY 1, N.Y. 
Western Office—9331 VENICE ARD, CULVER CITY, CALIF 















pit = _ | Sets and runs, foreign 
SCIENTIFIC and domestic. Entire 


librari 
sheen 
and BOOKS collections wanted. 


WALTER Jj. JOHNSON, INC. 
111 Fifth Avenue, New York 3, New York 














Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
‘tomers. Please send us lists and description of 
foogpate se files you are willing * sell at high mar- 
et prices. Write Dept. A3S, J. S CANNER, Inc. 
Boston io” Massachusetts 


||| SUPPLIES AND EQUIPMENT ||||| 














TECHNICAL AND MICROPHOTOGRAPHY, cameras and 
accessories. Save 35% (sometimes more) by purchasing 
your fine foreign equipment through our famous ‘‘Import 
Your Own’’ system. Examples: 
1957 Exakta VX-IIA, Automatic Biotar f2.0 

$185.00 (duty $23.00) 
1957 Rolleiflex with light meter & Planar 13.56, less case 

$169.00 (duty $17.00) 
Parcel post and insurance included. Similar savings on 
many other famous makes and accessories. Brand new, 
original factory packing. Only the latest factory produc- 
tion. Price-lists by return mail. Specify interests and 
requirements. NELSON COMPANY 7810 Greenwood Avenue, 
Washington 12, D.C. 








e HYPOPHYSECTOMIZED RATS 
—— to all points via Air Express 


further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 





TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientific works a specialty. Many 
successes, one a best seller. Write for booklet SC—it’s free. 
VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In Calif.: 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave., NW 





Chemists - Bacteriologists - taaliedll 


Request Brochure and Publication 
CHEMISTRY IN ACTION, on letterhead 


oR" W. Truesdail, Ph.D., President 
ef Phk.D., Technical Director 





||| SUPPLIES AND EQUIPMENT ||| 











“From the hand of 
the veterinarian 
to research” 


albino rats” 


Hypophysectomized 
Rats 


*Descendants of the 
Sprague-Dawley and 
istar Strains 


e 
HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 














MEVALONIC 
ACID 


and other tagged compounds 
of HIGH RADIOPURITY 


SPECIALTIE: 
ISOTOPES ““Conrany INC. 
703 S. Main St. Burbank, Calif. 


14 

















MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 

WE BUY, SELL & TRADE, 
Write us what you need and what you 
want to dispose of. 
THE TECHNICAL INSTRUMENT CO. 
122 Golden Gate Ave., San Francisco 2, Calif. 








il SUPPLIES AND EQUIPMENT |i 


Special LaMOTTE Reagents 
for Analysis 
TIRON—for determination of Iron, 
Titanium, and Molybdenum 
ZINCON—for determination of Zinc 
and Copper 
xkknk 
Send for LaMotte Catalog on 
CHEMICAL CONTROLS for 
pH, Chlorine, Phosphates and 
Polyphosphates, ete. 
LaMotte Chemical Prod. Co. 
Dept. H Chestertown, Md. 


MICE 


Swiss Webster C-57 Black 
C3H Agouti AKR Albino 


Millerton Research Farm Inc. 
Millerton, N.Y. Phone 219 


IONOGRAPH 


The Superior Instrument for Etec- 
trophoresis in Paper, Starch, etc. 


PRECISION SCIENTIFIC CO. 


3739 W. Cortland Street, Chicago 47, Ill. 












































LABORATORY 
STIRRER "o%! #76050 


— with 


propeller 


Universal, low priced direct 
drive stirrer for general lab- 
oratory use. High quality, 
continuous duty motor; rheo- 
stat contrel—0O te 7,000 RPM 
Y,” true running check, 
10 in. stainless steel red. 


WRITE FOR BULLETIN X-2 


PALO LABORATORY SUPPLIES. Inc 











‘‘EXPERT REPAIRS’’ 
of 
POLARIMETERS of any MAKE 


Complete Reconditioning 
Adjustment of Optical System 


0. C. RUDOLPH & SONS 


Manufacturers of Optical Research @ 
Control Instruments 


CALDWELL, N.J. 





P.O. BOX 446 
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Work-horse of the Laboratory 


"The ‘Universal’ really carries our load 
--. it’s working all day ... 
and turns out more and better work 
than any other instrument we have.” 
That's what many chemists say about the 
Coleman Universal Spectrophotometer. 
It's fast, versatile and exact, 


with an extremely wide range of 
sample volumes ... able to 
handle routine or special analyses 
with ease and convenience 
unmatched by any similar 

instrument. ... It will pay to 

consider a Universal 

for your laboratory. 


Ask for “Coleman Tools 
for Science,” contains 
discussion of analysis 
with light, plus 
complete description 
of all Coleman Instruments 


SHELF-GRIP 
APPARATUS 
sUPPORT 


o CONVENIENT 
o ECONOMICAL 
o VERSATILE 

o Price..... $6.50 


Sturdy, light-weight aluminum 
bracket with 5%” arm, attaches 
quickly and securely to any conven- 
ient shelf up to 1-3/8” thick..... 
fastened by tightening a screw- 
clamp. Accepts 2” rod to which 
ordinary rings and clamps attach 
leaving bench.surface entirely un- 
obstructed. 


WRITE FOR LITERATURE 









RESEARCH 
SPECIALTIES 
COMPANY 


2005 Hopkins St. — Berkeley 7, Calif. 




















Dept. A. Coleman Instruments, Inc., Maywood, Ill. 








direct-reading 
syringe MICROBURET 
over 99% accurate 
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GLASS ABSORPTION 
CELLS 9 "y° KLEIT 
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INTERCHANGEABLE SYRINGES SPEED spec 
MULTIPLE SAMPLE ANALYSIS cor 

One SB-2 Buret stand gives you the service of an mer! 
infinite number of Microburets simply by changing sha 
syringes for desired volume delivery or reagent. the 
Mechanical control through calibrated gauge. No pla 
mercury! Makers of Complete Electrophoresus Apparatus int« 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Cclorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 








Syringes available with volume deliveries of 0.2 to 
5.0 yl per division. 


Request Bulletin SB-2 











% Klett Manufacturing Co. 


- ‘micro-metric ingtrument co. «~~ 
ee 179 East 87 Street, New York, New York 


“s P.O. Box 884 ee Cleveland :22, Ohio 
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$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 








POWER 
BORE 


factured by E. H. Sargent & Co. 














PRECISE 
BORING 
IN SECONDS 






5 


Efficient Boring Fast and Easy To Use 


Accurate Smooth Holes—You can bore as many 


holes as the area of the cork or stopper will allow. 
Insures Parallel Alignment of Borings 
Compact—Portable—Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
126- voit, 60 cycle A. C. circuiB ..¢ icc cc ccc ccc $150.00 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS.e APPARATUS © SUPPLIES @ CHEMICALS 





E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 











Thermoregulator contacts 
shielded for safety 


Corrosion-resistant chamber prevents 
seepage of paraffin into contact 
with heating units. 


Magnetic door latches 





Thomas 


1784-A. 


PARAFFIN EMBEDDING OVEN 


Improved model with Monel metal chamber... 


With inner glass door, Monel metal 
chamber, glass wool insulation and 
sheet metal exterior finished in gray 
Hammertone enamel. Heating element, 
woven of Nichrome wire with glass cloth 
insulation, is applied around bottom 
and two sides of chamber to provide 
even distribution of heat. 

Temperature is controlled by an 
adjustable, bimetallic thermoregulator 
with shielded silver contact points. 
Control knob on top of oven allows 
temperature adjustment over range 
from room temperature to 80° C. 

Inner and outer doors have magnetic 
latch and sponge rubber gasket for easy, 
positive closure. Floor of chamber has 
tubulature for draining spillage. Oven 


is mounted on four substantial rubber 
feet. 

Operating sensitivity (maximum tem- 
perature variation at location of ther- 
mometer bulb) is +1° C at range 50 
to 60° C. 

Operating uniformity (maximum tem- 
perature variation throughout chamber) 
is +2.0° C at the same range. 


1784-A. Paraffin Embedding Oven, Electric, 
Thomas. Chamber is 14 inches wide x 12 inches deep x 
12 inches high and is provided with two sliding shelves. 
Overall dimensions 19 inches wide x 18 inches deep x 
26 inches high, including thermometer. Complete with 
thermometer, range + 30 to 70° C in 0.2° divisions, 
thermometer holder, neon pilot lamp, attachment plug 
cap, and operating directions. For use on 115 volts, 
a.c. or d.c. Power consumption 175 watts.....185.75 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas / Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA, PA. 





